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Heterocyclic Ether Substituted Imidazoquinolines 

Field of the Inventioii 

This invention relates to imidazoquinoline compounds that have ether and 
heterocycle or heteroaxyl fimctionalily at the 1-posltion, and to pharmaceutical 
compositions containing such compounds. A finflier aspect of this mvention relates to flie 
use of these compounds as immunomodulatozs, for mducing cytokine biosynOesis in 
animafi, and m die treatment of diseases, includhig vnal and neoplastic diseases. 

Background of flic Inventton 

The first reliable report on the l//-imidazo[4,5-c]quinolme ring system, Backman 
et al., J. Org, Qhcm, 15, 1278-1284 (1950) describes ftie synthesis of l-(6-methoxy.8- 
quinolinyl>2-mcthyl-l/f.imidazo[4,5-<:]quinoline for possible use as an antimalarial 
agent Subsequenfly, syn&eses of various substituted liy-imida2o[4,5-c] quinolines were 
reported. For example, Jain et al., J. Med. Chem. 1 1, pp. 87-92 (1 968), synthesized die 
compound l-[2-(4i)iperid}d)ediyl]-l/r-imidazo[4,5-c]quinoline as a possible 
anticonvulsant and cardiovascular agent Also, Baranov et al., Chem. Abs. 85, 94362 
(1976), have reported several 2-oxoimidazo[4,S-c]quinoliaes, and Beienyi et al., i 
HeterocvcKc Oiem. 18, 1537-1540 (1981), have reported certain 2-oxoimidazo[4,5- 
c]quinolines. 

Certain l/r-iniidazo[4,5-c]qumolin-4-anunes and 1- and 2*substituted derivatives 
diereof were later found to be useful as antiviral agents, faronchodilators and 
immunomodulators. These are described in, inter alia, U.S, Patent Nos. 4,689,338; 
4.698,348; 4,929.624; 5,037,986; 5,268^76; 5,346,905; and 5,389,640, aU of which are 
incorporated herein by reference. 

There continues to be interest in die imidazoquinoline ring system. Certain IH- 
imidazo[4,5-c] n^hthyridine-4-aimnes, IH-imidazo [4,5-c] pyridin-4-amines. and IH- 
imidazo[4,5-c] quinolni-4-aniines havmg an edier contaming substituent at die 1 position 
are known. These are described in U.S. Patent Nos. 5,268,376; 5,389,640; 5,494,916; and 
WO 99/29693. 

1 
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There is a continuing need for compounds that have the ability to modulate the 
immune response, by induction of cytokine biosyntiiesis or other mechanisms. 

Summary off the Invention 

5 We have found a new class of compounds that are useful in inducing cytokine 

biosynthesis in animals. Accordingly, this invention provides imidazo[4, 5-c]quinoline-4- 
amme and tetrahydroinudazo[4y 5-c]quinoline-4-amine compounds that have an ether 
containing substituent at the 1-position. The confounds are described by Formulas (I), 
(n), (in) floid (IV), wUch are defined in more detail These compounds share tiie 

10 general structural formula 




wherein X, Ri, Rj, and R are as defined herein for each class of compounds having 
15 Formulas (I), (n), (III) and (IV). 

The compounds of Formulas (I), (H), (HI), and (IV) arc usefiil as immune 
response modifiers due to their ability to induce cytokine biosyntiiesis and otherwise 
modulate tiie inunune response when administered to animals. This makes the compounds 
useful in the treatment of a variety of conditions such as viral diseases and tumors that are 
20 responsive to such changes iii tfie immune response. 

The invention further provides pharmaceutical compositions containing the 
immune response modifying compounds, and mefliods of inducing cytokine biosynthesis 
in an animal, treating a viral nifection in an animal, and/or treating a neoplastic disease in 
• an animal by administering a compound of Formula (I), (H), (m), or (IV) to the animal. 
25 In addition, the invention provides methods of synthesizing the compounds of the 

invention and intermediates useful in the synthesis of these compounds. 
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Detailed DescriDtion of the Ipventi n 

As mentioned earlier, we have found ceitain ccmipoimds that mauce cytokine 
biosynthesis and modify the itmnune response in animals. Such compounds aze 
represented by Formulas CO, (H), (III), and (IV), as shown below. 

bnidazoquinoline compounds of the mvention, which have ether and heterocyclyl 
or heteroaiyl functionality at the 1 -position are represented by Formula (Q: 




0) 

wherein: X is -CHR3-, -CHRs-aDcyK or -CHRa-alkenyl-; 
Ri is selected fiom tibe group consisting of: 

-heteroaiyl; 

-heterocycl/1; 

-R4- heteroaiyl; and 

-R4r^eten>cyclyl; 
R3 is selected fiom 1bs groiq) consisting of. 

-hydrog^ 

-alkyl; 

-alkenyl; 

-aryt 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-aOcyl-Y- alkenyl; 
-alkyl-Y-atyl; and 

- alky 1 or alkenyl substituted by one or more substituents selected 
fiom the group consisting o£ 
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OH; 
-halogen; 
-NCRah; 
-CO-N(R3)2; 

5 -CO-Cwoalkyl; 

-CO-O-Cmo alkyl; 

-Nj; 

-aryl; 

-heteroaryl; 

10 -heterocyclyl; 

-CO-aryl; and 
-CO-heteroaiyl; 

R4 is alkyl oratkenyU whichmay be intemiptedby one or more -O- 
15 groups; 

each R3 is independently H or Cmo alkyl; 
each Y is independently -O- or -S(0)(M-; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Cmo 
20 alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 

or a pharmaceutically acceptable salt thereof. 

The invention also provides imidazoquinoline compounds that contain ether 
functionality at the 1 -position, where the ether containing substituent also contains an 
25 alkynyl group and a heterocyclyl or heteroaryl group. These compounds axe represented 
by Formula (II): 
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X is -CHR3-, -CHRj-attyK or-CHRj-aDcenyls 
Rtois selected from the gmp consisting of het^^ 
R2 is selected fipomfte group consisting of: 
-faydrogen; 

-alkyl; . 

-alkenyl; 

-aiyl; 

•hetetoaiyl; 
-heterocyclyl; 
^l-Y-ftlkyl; 
-alkyl-Y-alkenyl; 
-alkyl-Y-aiyl; and 

^1 or alkBivl substituted by one or more substituents selected 
fixmi the gioi^ consisting of: 

-OH; 

-halogen; 

-N(R3)2; 

-CO-N(R3)2; 

-CO^^i-ioslkyl; 

-CO-O-Ci-ioalkyl; 

-N3; 

-aiyU 

-heteroaiyl; 
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-heterocyclyl; 
-CO-aiyl; and 
X -CO-heteroaryl; 
n is 0 to 4; 

5 each Rs is independently H or C|.io aO^l; 

each Y is independenliy -O- or -S(0)(ms and 

each R present is independently selected from the group consisting of Cmo 
alkyl, Clio alkoxy, hydroxy, halogen and triflooromethyl; 
or a pharmaceutically acceptable salt thereof. 

10 

The invention also includes tetrahydroimidazoquinoline compounds that bear an 
ether and heterocyclyl or heteroaryl containing substituent at the 1 -position. Such 
tetcahydroimidazoquinoline compounds axe represented by Formula (III): 




15 



m 

wherein: X is -CHR3-, -CHRa-alkyK or -CHRa-alkenyl-; 
Ri is selected from the group consisting of: 
-heteroaiyl; 
20 -hetBioqnclyl; 

-R4- heteroaiyl; and 
-Rr-heterocydyl; 
R2 is selected from the group consisting of: 
-hydrogen; 
25 -attyU 

-alkenyl; 
-aiyl; 
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•heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alkeiiyl; 
5 -alkyl-Y-aiyl; and 

-aOcyl or alkenyl substitutedby one or more substituents selected 
fixm the group consisting of: 

-OH; 

-halogen; 

10 -N(R3)2; 

^0-N(R3)2; 
-CO-Ci.ioalkyl; 
-CO-O-Cmo alkyl; 
-N3; 

15 -aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-CO-aiyl; and 
-CO-hetezoaiyl; 

20 R4 is alkyl or alkenyl, which may be mteirupted by one or more -O- 

groups; 

each Ra is independendy H or Cmo alkyl; 
each Y is independently -O- or -S(0)o^S 
n is 0 to 4; and 

25 each R present is independently selected from the group consisting of Cmq 

alkyl, C\.{o alkoxy, hydroxy, halogen and trifluoromethyl; 
or a phaimaceutically acceptable sah thereof. 
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An additional class of inunune response modifying compounds of the invention aie 
tetiahydroimidazoquinoline compounds tfiat have an edier containing substituent at die Im- 
position, where the ettier containing substituent also contains an alkynyl group and a 
heterocyclyl or heteroaryl group. These compounds are represented by Formula (IV): 




wherein: X is -CHR3-, -CHRa-alkyl-, or -CHRs-alkenyl-; 

Rio is selected from the group consisting of heteroaiyl and heterocyclyl; 
Ri is selected from the group consistini^ o£ 

-hydrogen; 

-alkyl; 

-alkenyl; 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alkenyl; 
-aDcyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of. 

-OH; 

-halogen; 

-N(R3)2; 

-CO-N(R3)2; 

<;0-Cmo alkyl; 

-CO-0-Ci.ioaIkyl; 
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-N3; 
-aiyl; 

•heteroaiyl; 
-heterocyclyl; 

5 -CO-aiyl; and 

-CO-beteroai^ 
each Sa is inctependently H or Cmo alkyi; 
each Y is independency -O- or -S(0)o^; 
n is 0 to 4; and 

10 each R present is independendy selected fcom the group consisting of Cmo 

alkyU Cmo alkoxy, hydroxy, halogen and trifluorometfayl; 
or a phannaceutically acceptable salt thereof. 

Preparation of the Compoiinds 

1 5 Compounds of the invention can be prepared according to Reaction Scheme I 

where R, R2, X and n are as defined above and Rn is alkyl substituted by a heteroaryl 
group wherein the heteroaryl group may be unsubstituted or may be substituted as defined 
infra or Rn is substituted heteroaryl as defined infra with the proviso that if Rn is 
substituted heteroar^ at least one substituent is a strong electron withdrawing group 

20 located ortho or para to the ether bond 

In Reaction Scheme I a 4-aniino-lfr-imidazo[4^-c]qttinolm-l-yl alcohol of 
Formula X is alkylated with a halide of Formula XI to provide a i/r-imidazo[4,5- 
c]quinolm-4-amine of Formula XII which is a subgenus of Formula I. The alcohol of 
Formula X is reacted with sodium hydride in a suitable solvent such as N,N- 

25 dimethyiformamide to form an alkoxide. The halide is dien added to the reaction mixture. 
The reaction can be carried out at ambient temperature or with gentle heating (~50**C) if 
desired. The product or a phannaceutically acceptable salt diereof can be isolated using 
conventional methods. 

Many compounds of Formula X are known, see for example Gerster, U.S. Patent 

30 No. 4,689^38 and Gerster et aL, U.S. Patent No. 3,605,899, die disclosures of ^ch are 
incorporated by reference herein; otters can readily be prepared usmg known syndietic 
routes, see for example, Andre et al, U.S. Patent No. 5,578,727; Geister, U.S. Patent No, 
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5.175^96; Nikolaidcs et al., U.S. Patent No. 5,395,937; and Geister et al.. U.S. Patent No. 
5,741,908, the disclosures of which are incorporated by reference herein. Many faalides of 
Formula XI are commercidly available; ofliers can be readily prepared usmg known 
synttietic mediods. 

5 

Reaction Scheme I 




XI XII R,^ 



10 Compounds of the invenl^on can also be prepared accbrdii^ to Reaction Scheme n 

where R, Rz, Riu X and n are as defined above. 

In step (1) of Reaction Scheme II ttie hydroxy group of a lff-imidazo[4.5- 
c]quinolin-l-yl alcohol of Formula Xffl is protected with a benzyl group. The alcohol of 
Formula XIlI is reacted with sodium hydride m a suitable solvent such as N J^- 

15 dimethylfonnamide to fbnn an alkoxide. The alkoxide is then alkylated with benzyl 
bromide to provide a compound of Formula XIV. The reaction can be carried out at 
ambient temperature. Many compounds of Formula Xm are known, see for example, 
Gcrster. U.S. Patent 4,689,338; others can readily be prepared using known syndietic 
routes, see for example, Gcrster et al., U.S. Patent No. 5,605,899 and Gerster, U.S. Patent 

20 No. 5,175,296. 

In step (2) of Reaction Scheme n a compound of Formula XIV is oxidized to 
provide a lff-imidazo[4,5-clquinoline-5N-oxide of Formula XV using a conventional 
oxidiang agent capable of forming N-oxides . Preferably a solution of a compound of 
Formula XIV in a suitable solvent such as chloroform or dichloromethane is oxidized 

25 using 3-chloroperoxybenzoic acid at ambient temperature. 

In step (3) of Reaction Scheme H a lH-imidazo[4,5-c]quinoline-5N-oxide of 
Fonnula XV is chlorinated to provide a 4^hloro-li/-imidazo(4,5-c]quinoline of Formula 



10 



10 



15 



PCT/USOl/46704 

WO 02/46193 

XVI. Piefetably a solution of a compound of Formula XV in a suitable solventsuch as 
totaeoe is treated with phosphorous oxychloride at ambient tempemhiie. 

IB 3tep (4) of Reaction Scheme D a 4<hloro-lH-imida2«[4^1q«inoline of 
Formula XVI is reacted with phenol to provide a 4-phenoxy-lH-imidazol4.5^]«P>inohne 
ofFormulaXVIL The phenol is «»ctedwith^«« hydride in a suitable solvent such as 
diglymetofonnaphenoride. The phcnoxideU&enieacted at an elevated tempeni^ 

witiii a compound of Fonnula XVL 

In Step (5) of Reaction Scheme H flie benzyl protecting group is removed from a 
compound ofFormutaXVntoptovidea4.pbenoxy-lH.imidazoI4.5-clqun^^^^^ 
alcoholofFonnulaXVin. The ie«^on is preferably canied out by ad<«ngtriflicac.d ma 
controlledfi.hiontoasolutionofacompoundofFormulaXVninasm1ablc»^^^^ 

as dicWorometiiane at ambient temperature. 

In step (6) of Reaction Scheme H a 4-phenoxy-lH-imida2ol4.5-clquinohn.l-yl 
alcohol of FormuU XVm is alkylated witi. haUde Hal-R„ to provide a 4.phenoxy.lH- 
5„^4.5-.lquinolin-l-yletherofFonnula XDC The aDcoxideofa compound of 
FormulaXVmisformedby addingthealcd«,ltoabiphasicinixt««of «pieous50/o 
sodiumhydn>xideand«.inertsolventsuchasdiciaoromefl»u«m1hepres^ 
ttansfercatalystsuchasben^^ltiimethl^mnonium*^^^ 
alkylated. The reaction can be carried out at ambient temperatins. 

Instep C7)ofReactionS«a«mena4-phenoxy.lH-imidazol4.5-c]qu^^ 
efl„rofFonn«laXIXisaminatedtoprovidealH-inudazo[4.5-c]quinoh^^ 

FormuUXEv^hichisa^bgenusofFormula I. ^^Itin. 
combfaungacompoundofFormulaXDCwitirammoniumacetateandheatingfl^r^ 

mixture at-150^. The pnxiuct or apharmaceuticaUy acceptable salt thereof can be 
25 isolated using conventional infifliods. 



20 
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Reaction Schem II 




5 Tetxahydroimidazoquinolines of the invention can be prepared according to 

Reaction Scheme m where R, Ri, Ru, X and n ate as defined above. 

In Reaction Scheme ffl a 4-amino-6 J,8,9-tetcahydn>-l/r-imidazo[4,5H;]quinolin-l 
yl alcohol of Formula XX is alkylated with a halide of Formula XI to provide a 6,7,8,9- 
tctrahydio-l/f-iimdazo[4,5-c]quinolin-4-amine of Formula XXI which is a subgenus of 

12 
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Foimula IH. The alcohol of Fonnula XX is reacted with sodium hydride in a suitable 
s IventsuchasHN-dimethylfonnamidetofonnanalkoxide. The alkoxide is then 
combined with the halide. The reaction can be earned out at ambient temperature. The 
product or a pharmaceuticaUy acceptable salt hereof can be isolated using conventional 
5 metfiods. 

Many tetrahydro-lif*imidazo[4,5-c]quinolines of Fonnula XX are known, see for 
example, Nikolaides et al., U.S. Patent No. 5,332,784; others can be prepared using known 
synthetic methods, see for ^cample, lindstrom, U.S. Patent No. 5,693,81 1; the disclosures 
of which are incorporated by reference herein. 

10 

Reaction Scheme m 




XX XI XXI 



15 Compoimds of the invention can be prepared according to Reaction Scheme IV 

where R, Ra, X and n are as defined above and Riz is a heteroaryl group which may be 
unsubstituted or substituted as defined infra. 

In step (1) of Reaction Scheme IV a lfr-imidazo[4,5-<:]quinolin-l-yl alcohol of 
Formula Xm is alkylated with a halide of Formula XXn to provide a l£r-imidazo[4,S- 

20 c]quinolin-l-yl ether of Fonnula XXm. The confound of Formula Xm and the halide of 
Formula XXn are combined in a biphasic mixture of 50% aqueous sodium hydride and 
a suitable solvent such as dichloromeffaane in the presence of a phase tcansfer catalyst such 
as ben^ltiimethylaxxnnonium chloride. Hie reaction can be run at ambient temperature. 
In step (2) of Reaction Scheme IV a lff-imidazo[4,5-c]quinoline of Formula XXm 

25 is oxidized using the method of step (2) of Reaction Scheme II to provide a l/f- 
imidazo[4,S-c]quinoline-5N-oxide of Fonnula XXIV. 



13 
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In stsp (3) of Reaction Scheme IV a l^r-imidazo[4,5-c]quinolme-5N-oxide of 
Fonnula XXIV is reacted with trichloioacetyl isocyanate to provide a l/f-inudazo[4,S- 
c]quinolin-4-yl acetamide of Foimula XXV. Preferably flie isocyanate is added in a 
controlled &shion at ambient temperature to a solution of the SN-oxide in a suitable 

5 solvent such as dicUoromethane. 

In step (4) of Reaction Scheme IV a l/f-iniidazo[4,5-c]quinolin-4-yl acetamide of 
Formula XXV is hydrolyzed to provide a l/f-imidazo[4,5-c]quinolin-4-amine of Formula 
XXVL Hie hydrolysis can be carried out by conventional methods preferably by treating 
a solution of a compound of Fomiula XXV in metibanol with sodium methoxide. 

10 In step (5) of Reaction Scheme IV l/f-imidazo[4,5-c]quinolin-4-amine of Fonnula 

XXVI is coupled with a halide of formula Hal-Ru using a transition metal catalyst to 
provide a lH'-imida2o[4,5-c]quinolin-4-aniine of Formula XXVII which is a subgenus of 
Formula IL Preferably a compound of Formula XXVI is combined with the halide in tiie 
presence of copper (I) iodide, dichlorobis(triphenylphosphine)paUadium(II), and excess 

15 triethylamine in a suitable solvent such as N^-dimethylformamide or acetonitrile. The 
reaction is preferably carried out at an elevated temperature (60-80X}). The product or a 
pharmaceutically acceptable salt thereof can be isolated using conventional mediods. 

20 



25 



30 



14 



9 



WO 02/46193 PCT/USOi/46704 



Reaction Scheme IV 




Compounds of llie invention can be prepared accotding to Reaction Scbeme V 
where R, R2, R12, X and n aie as defined above and BOC is ^ert-butoxycarbonyL 
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In step (1) of Reaction Scheme V fh& amino group of a l/f-imidazo[4^-c]qmnolin- 
4-amine of Fonnula XXVI is protectBd with /err-buto^caibonyl groups. A compound of 
Foimula XXVI is combined widi di-ter^-butyl dicaxfoonate in a suitabld^ solvent such as 
N»N-dimetfaylfoimamide in the presence of 4-(dimetfaylamino)pyridin6 and triethylamine. 

5 The reaction is carried out at an elevated temperature (80-8S^). 

hi step (2) of Reaction Scheme V a protected l^-imidazo[4,5-c]quinoltn-4-amhxe 
of Formula XXVUI is coupled with a halide of fommla Hal-Ru using a transition metal 
catalyst to provide a protected lfr-imidazo[4,S-c]qumolin-4-amine of Formula XXDC 
Preferably a compound of Formula XXVm is combined with the halide in the presence of 

10 copper (I) iodide, dichlorobis(triphenylphosphine)palladium{II), and excess triethylamine 
in a suitable solvent such as N,N-dimediylformamide or acetonitrile. The leacticfn can be 
carried out at ambient temperature or at an elevated temperature (40-80%). 

In step (3) of Reaction Scheme V the protecting groups are removed by hydrolysis 
under acidic conditions, to provide a l/f-imidazo[4,5*c]quinoliii-4-amine of Formula 

IS XXVn which is a subgenus of Formula n. Preferably a compound of Formula XXDC is 
treated with trifluoroacetic acid in a suitable solvent such as dicUorometfaane. The 
reaction can be run at ambient temperature or at a reduced temperature {(fC). The product 
or a pharmaceutically acceptable salt ttiereof can be isolated using conventional metfiods. 
In step (4) of Reaction Scheme V Ihe alkyne bond of a protected lif-imidazo[4,5- 

20 c]quinolm-4-ainine of Formula XXDC is reduced to provide a protected lH-nnidazo[4,5- 
c]quinolin-4-amine of Formula XXX. Preferably, the reduction is carried out using a 
conventional heterogeneous hydxogentation catalyst such as platinum oxide, platinum on 
carbon or palladium on carborL The reaction can conveniently be carried out on a Parr 
apparatus in a suitable solvent such as methanol. 

25 In step (5) of Reactibn Schcme V die protecting groups of a compound of Formula 

XXX are removed in the same manner as in step (3) to provide a liir-imidazo[44S- 
c]quinolin-4-amine of Formula XXXI which is a subgenus of Formula L The product or a 
pharmaceutically acceptable salt ftereof can be isolated using conventional me&ods. 
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Reaction Scheme V 




Ri2 



Compounds of tiie invention can be prepared according to Reaction Scheme VI 
where R, R2, Rji, X and n arc as defined above and CBZ is benzyloxycarbonyl. 

In step (1) of Reaction Scheme VI the amino ffoup of a l^-nnidazo[4,5- 
c]qfunolin-4-amineofFdrmula XXVI is protected with benzy A 
compound of Formula XXVI is combined with dibenzyl dicaxbonate in a suitable solvent 
such as N J4-dimefliylformamide. The reaction can be carried out at ambient tempeiature 
or witii mild heating {AXfQ. 

In step (2) of Reaction Scheme VI a protected lfr.nnidazo[4,5-c]qumolin-4-amine 
of Formula XXXII is coupled widi a halide of formula Hal-Ra using a transition metal 
catalyst to provide a protected lf/'-imidazo[4)S*<r]quinolin-4-amine of Formula XXXin. 
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Preferably a compound of Formula XXXII is combined with the halide io the presence f 
copper (I) iodide, dichlorobis(triphenylphosphine)palladium(II), and excess trietfaylamine 
in a suitable solvent such as NJN-dimethylfoimamide or acetonitiile. The reaction da be 
caxiied out at ambient temperature or at an elevated tenq)eratuie (40-80*^). 

In step (3) of Reaction Scheme VI the protectmg groups are removed by hydrolysis 
to provide a l/r-imidazo[4,5-c](iuinolm-4-amine of Formula XXVE which is a subgenus 
of Fonnula H. Preferably a compound of Formula XXXm is treated with sodium 
me&oxide in a suitable solvent such as methanol. The reaction can be run at ambient 
temperature. The product or a pharmaceutically accq)table salt thereof can be isolated 
using conventional methods. 

In step (4) of Reaction Scheme VI the protecting groups of a compound of 
Formula XXXIE are removed by hydrogenolysis and the alkyne bond is reduced to 
provide a lif-imidazo[4^-<:]quinolin-4-amine of Formula XXXI which is a subgenus of 
Formula L Preferably, the hydrogenolysis/reduction is carried out using palladia 
hydroxide on carbon. The reaction can conveniently be carried out ori a Parr apparatus in 
a suitable solvent such as methanol. The product or a phannaceutically acceptable salt 
thereof can be isolated using conventional methods. 
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10 



Compounds Of the invention can te prepared acc<«ding to 

where R.R,.R2,X and n are as defined above. 

Inatep(l)ofRe«tionSchen«Vna2.4^chlor<.3-mtroquu.ol«eofF^^ 

XXXIVi8re«:ted^«.an«ncofForm«laR.^X-Nftt„P«>videa2^W^^^^ 
^.ro<^Bn^«nineofFormulaXXXV. The reaction can be carried out by addmg the 
^toasolutionofacon.poandofFormulaXXXWmasdtable solvent such 

cUorofoimordlchloromeftane^idoptionanyheating. Many quinolines of Formula 
XXXIV areknown or canbeprepaxedusingtaown synthetic methodsCseeforexan^^^ 

Andre etal., U.S. Patent No. 4^88.815 and references cited therein). 
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In step (2) of Reaction Scheme Vn a 2-chloro-3-mtroquinolm-4--amine of Formula 

XXXV is reduced to provide a 2-chloroquinoline-3,4-diamine of Formula XXXVI. 
Preferably, the reduction is carried out using a conventional heterogeneous hydrogenation 
catalyst such as platinum on carbon or palladium on carbon. The reaction can 

S conveniently be carried out on a Pair apparatus in a suitable solveatsuch as isopropyl 
alcohol or toluene. 

In step (3) of Reaction Scheme VII a 2-chloroquinoline-3,4-diamine of Formula 

XXXVI is is reacted with a carboxylic acid or an equivalent thereof to provide a 4-chloro- 
lH-imidazo[4,S-c]quinoline of Fonnula XXXVn. Suitable equivalents to carboxylic acid 

10 include orthoesters, and 1 ,l-diaIkoxyalkyl aUcanoates. The carboxylic acid or equivalent 
is selected such that it will provide the desired substituent in a compound of Formula 
XXXVIL For example, triethyl ordioformate will provide a compound where R2 is 
hydrogen and triethyl orthoacetate will provide a compound where Ki is methyl. The 
reaction can be nm in the absence of solvent or in an inert solvent such as toluene. The 

1 5 reaction is run with sufficient heating to drive off any alcohol or water formed as a 

byproduct of the reaction. Optionally a catalyst such as pyri(Une hydrochloride can be . 
included. 

Alternatively, step (3) can be carried out by (0 reacting (he diamine of Fonnula 
XXXVI with an acyl halide of Fonnula RiC(0)Cl and then (ii) cyclizmg. In part (i) the 

20 acyl halide is added to a solution of the Hiaminft in an inert solvent such as acetonitrile, 
pyridine or dichloromethane. The reaction can be carried out at ambient temperature. In 
part (ii) flie product of part (i) is heated in an alcoholic solvent in the presence of a base. 
Preferably the product of part (i) is rcfluxcd in cthanol in the presence of an excess of 
triefliylamine or heated with methanolic ammonia. Alternatively, if step (i) has been run in 

25 pyridine, step (ii) can be wmried out by heating tiie reaction mixture after analysis indicates 
that step (i) is complete. 

In step (4) of Reaction Scheme Vn a 4-chloK>-l/f-iniida2o[4,5-c]quinoline of 
Fonnula XXXVII is aminated to provide a lff-imidazo[4,5<<;]quinolin-4-anune of 
Fonnuhi I. The reaction is carried out by heating (c.g.,125-175"C) a compound of 

30 Fonnula XXXVII under pressure in a sealed reactor in the presence of a solution of 

ammnnia in an aDcanol. The product or a pharmaceuticany acceptable salt tfiereof can be 
isolated using conventional meOiods. 
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Reaction Scheme VII 




Q)mpouiids of die invention can be pi:q)ared according to Reaction Scheme VIQ 
where R, Ru R^, X andn aie as defined above. 

In Reaction Scheme Vin a lH-imidazo[4,5-c]quinolin-4-amine of Fonnula 
XXXVm is alkylated with a haUde of Formula XXXDC to provide a l^-iinidazo[4,5- 
c]quinolm'4-amine of Fonnula L The compound of Fonnula XXXVni is reacted widi 
sodiimi hydride in a suitable solvent such as N^-dimethylformamide. The halide is then 
added to the reaction mixture. Hie reaction can be carried out at an elevated teiiq)eiatuie 
(^100^. AU^iation occurs at both the and the nitrogens; however, die desired I* 
isomer can be readily separated from the S-isomer using conventional techniques such as 
column daomatograpfay and recrystaUizationL 

Many lJ?-imidazo[4,5-c]quinolin-4-amines of Formula XXXVin are known; 
odiers may be prepared using known synthetic mediods, see for example, Geister, U.S. 
Patent No. 5,756,747 and the references cited therein. 
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5 Compounds of the invention can be prepaied according to Reaction Scheme DC 

wheie R, Ri Ri, X andnaxe as defined above. 

In step (1) of Reaction Scheme DC a 4-nitrotetrazolo[l,5-a]quinolin-5-ol of 
Fonnula XL is chlorinated to provide a 5-chloro-4-nitiotetrazolo[l,5-a]quinoline of 
Formula XLL Conventional chlorinating agents can be used. Prefisrably the reaction is 
10 carried oiitusing phosphorus oscychloride in a suitable solvent such as NJ>I- 

dime%lformamide. 4-NitrotBbazolo[l^-alquinolin-5-ols of Fonnula XL are known or 
can be prepared using known synAetic me&ods (see for example, Cierster, et al., U.S. 
Patent No. 5,741^08 and references cited therein). 

In step (2) of Reaction Scheme DC a 5-chloro-4-nitrotetrazoIo[l,5-a]quinoline of 
15 Formula XLI is reacted with an amine of Formula Ri-O-X-NHj to provide a 4- 

nitrotetrazolo(l,5-a]quinoIin-5-amine of Formula XLII. The reaction can be carried out by 
adding the amine to a solution of a compound of Fonnula XU in a suitable solvent such as 
dichloromethane in the presence of trie&ylamine. 

In step (3) of Reaction Scheme DC a 4-nitrotetrazolo[l ,5-a]quinolin-5-amine of 
20 Formula XLII is reduced using Ae mefliod of step (2) in Reaction Scheme Vn to provide a 
tBtrazolo[l,5-a]quinolin-4,S-diainine of Formula XLIIL 

In step (4 ) of Reaction Scheme DC a tBtrazolo[l^-a]quinolin-4,5-diamme of 
Formula XLin is cyclized using Ae method of step (3) in Reaption Scheme VH to provide 
a 6/f-imidazo[4,5-c]tetrazolo[l^-a]quinoline of Formula XLFV. 
25 In step (5) of Reaction Scheme DC a 6H-imidazo[4,5-c]tetra2olo(l,5-a]qumolme of 

Fonnula XLIV is reduced to provide a l^f-imidazo[4^-c]quinolin- 4-amine of Formula L 
Step (5) involves ® reacting a compound of Fonnula XLIV with triphenylphosphine and 
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then (ii) hydrolyzing. Part (i) can be carried out by combining a compound of Fonnula 
XLIV with triphenylphosphine in a suitable solvent such as 1^-dichlorobenzene and 
heating. Part (ii) involves hydrolysis of the product from part (i). The hydrolysis can be 
carried out by conventional methods such as heating in die presence of water or a lower 
S alkanol optionally in the presence of a catalyst such as an alkali metal hydroxide or lower 
alkoxide. The product or a pharmaceutically acceptable salt thereof can be isolated using 
conventional methods. 

Reaction Scheme DC 

10 




1 5 Tetrahydroixnidazoquinolines of the invention can be prepared according to 

Reaction Scheme X where R; R2» Rij, Xandn are as defined above. 

In step (1) of Reaction Scheme X a 4-amino-6,7A9-te1rahydro-lif-imidazo[4,5- 
c]quinolin-l-yl alcohol of Formula XX is allqrlated usmg the method of Reaction Scheme 
m with a haUde of formula HaKCH2)i-io-CH^3a to provide a 6,7,8,9-tetrahydro-lif- 
20 imidazo[4,5-c]quinolin-4-ainine of Formula XLV. 

In step (2) of Reaction Scheme X a 6,7,8^-tetrahydro-lif-imida2o[4,5-c]quinDlin- 
4.amine of Formula XLV is coupled using the method of step (5) of Reaction Scheme IV 
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with a halide of Fonnula Hal-Ru to provide a 6,7,8,9-tetiahydio-l£r-nnidazo[4,5- 
c]quiiioliii-4-aini]ie of Fonnula XLIV which is a subgenus of Fonnula IV. The product or 
a phannaceuticaUy acceptable salt fliereof can be isolated using conventional methods. 

S Reaction Scheme X 




10 Compomidsofthe invention can be prepared according to Reaction Scheme XI 

where R, Ri, R2. X and n are as defined above. 

In step (1) of Reaction Scheme XI a 2,4-dihydroxy-3-nitio-6,7,8,9- 
tetrayhydioquinoline of Formula XLVn is chlorinated to provide a 2,4-dichlon>-3-nitro- 
6,7,8,9-tEtrayhydroquinoline of Fonnula XLVHI. Conventional chlorinating agents can be 

15 used. Preferably the reaction is carried out by combining a compound of Formula XLVn 
with phosphorous oxychloride and then heating (55-65"C). Compounds of Fonnula 
XLVn are known or can be prepared using known synthetic metiiods (see for example 
Nikolaides et al,. U.S. Patent 5,352,784 and references cited therein). 

In step (2) of Reaction Scheme XI a 2,4-dichloro-3-nitn>-6,7,8,9- 

20 tetrayhydioquinoline of Fonnula XLVm is reacted with an amine of Fonnula Ri-O-X- 
NH2 to provide a 2^:hlon>-3-nitR>-6,7,8,9-tetrahydroquinolin-4-amine of Fonnula XLDC 
The reaction can be carried out by adding the amine to a solution of a compound of 
Fonnula XLVm in a suitable solvent such as N J^-dimefhylformamide and heating (55- 
65-C), 
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In step (3) of Reaction Scheme XI a 2-chloro-3-nitn)-6,7,8^-tetrahydioquinolin-4- 
amine of Fonnula XLIX is reacted with phenol using the method of step (4) of Reaction 
Scheme 11 to provide a 2-phenoxyO-mtro-6,7,8,9-tetrahydroquinolin-4-amine of Formula 
L. 

In step (4) of Reaction Scheme XI a 2-phenoxy-3-nitro-6 J,8,9-tetrahydcoquinolm- 
4-amnie of Formula L is reduced using the method of step (2) of Reaction Scheme Vn to 
provide a 2-pheno;^-<,7,8,9-tetrahydroquinolin-3,4-diamine of Fonnula LL 

In step (5) of Reaction Scheme XI a 2-phenoxy-6,7,8,9-tetrahydroquinolin-3,4- 
diamine of Fomula li is cyclized using the me&od of step (3) of Reaction Scheme Vn to 
provide a 4.phenoxy-< J,8,9-tetrahydrt>-li5r-inudazo[4,5-c]quino^ of Formula LIL 

In step (6) of Reaction Scheme XJ a 4-pheDOxy-6,7A9-tetrahydio-l^- 
imidazo[4,5-c]quinoline of Formula LII is aminated using flie method of step (7) of 
Reaction Scheme n to provide a 6,7,8,9-tetrahydio-IH-imidazo[4,5-<:]quinolin-4-amine of 
Formulam. 
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Reaction Scheme XI 




The invention also provides novel compounds useful as inlemiediatBS in die 
synftesis of ttie compounds of Foimulas (I), (11), (m), and (IV). These intennediate 
compounds have die stnictund Foanulas (V) - (DQ and (XLIV) descnbed in more detail 
below. 
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One class of intennediate compounds has Fonnula (V): 




N 



X-O-Ri 



(V) 



15 



20 



X is -CHRs-, -CHRs-aHyK or-CHRj-alkenyl-; 
Rj is selected firom flie group consisting of: 
-heteroaiyl; 
-heterocyclyl; 
heteroaiyl; 
' -RH^eterocyclyl; and 

-(CEb)i.nH>C-Rio; 
Rj is selected from fte group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaiyl; 
-heterocyclyl; 
-aftyl-Y^alkyl; 
.alkyl-Y-alkenyl; 
-alkyl-Y-aiyl; and 

- alkyl or alkenyl substituted by one or moie substituents selected 
from the group consisting of: 



-OH; 
-halogen; 



-N(R3)2; 
-CO-N(R3)2; 
-CO-Cho alkyl; 
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-CO-O-Cmo alkyl; 

-Nj; 

-aiyl; 

-heteroaiyl; 

.5 -hetcrocyclyl; 

-CO-axyl; and 
-CO-heteroaiyU 

R4 is all^l or alkenyl, which may be inteixuptBd by one or more -O- 
10 groups; 

each is independently H or Ci.10 aDcyl; 
Rio is heteroaiyl or heterocyclyl; 
each Y is independently -O- or -S(0)o-r ; 
n is 0 to 4; and 

IS each R present is independently selected fiom flie group consisting of Cmo 

alkyl» Cmo alkoxy, hydroxy, halogen and trifhioromethyl; 
or a pharmaceutically acceptable salt thereof. 

Another class of intennediates are imidazoquinoline-4i)henoxy compounds of 
20 Foraiula(VI): 




(VI) 



wherein: X is -CHR3-, -CHR3-alkyI-, or -CHRa-alkcnyls 

28 
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Rt is selected from the group consisting of: 
-heter axyl; 
-hetBxocyclyl; 

-R^-heteroaxyU 
-R4-heteiocyclyl; and 

-(CHj)i-iirOC-Rio: 
Ri is selected from dft group consistiiig of: 

-hydrogen; 
-aflcyl; 
-alkenyl; 
-aiyl; 

-heteroaryl; 
-heterocyclyl; 
-aBcyl-Y-alkyl; 
-aD^l-Y-alkenyl; 
-alkyl-Y-axyl; and 

- aDcyl or alkenyl substituted by one or more substituents selected 
6xm the group consistii^ of: 

-OH; 

-halogen; 

-N(R3)2; 

-CO-N(R3)2; 

-CO-C|-io alkyl; 

-CO-O-Ci.10 aDcyl; 

-Na; 

-aryl; 

4eteroaxyl; 
-heterocyclyl; 
-CO-aiyU and 
•CO-heteroaiyl; 

R4 is alkyl or aOcenyl, wUchmay be intem^tedby one ormore-O- 
groups; 
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20 



each Ra is independendy H or C|.io alkyl; 
Rto is heteroaiyl or hetetocyclyl; 
each Y is independently -O- or -S(0)(w-; 
nis0to4; and 

each R present is independently selected from die groiqp consisting of Cu\o 
alkyl, C|.to alkoxy, hydroxy, halogen and tcifluoxomediyl; 
or a pharmaceuticaUy acceptable salt ttLereo£ 

Another class of intermediate compomids is represented by Formula (VIQ: 



ZisNHiorNOi; 

X is ^HRa-, -CHRj-al^K or-CHRj-alkenyl-; 
Ri is selected from the group consisting of. 

-heteroaiyl; 

-heterocyclyl; 

•Rr- heteroaiyl; and 

-Rr-heterocyclyl; 
R4 is all^l or alkenyl, which may be interrupted by one or more -O- 
groups; 

each R3 is independently H or Cmo alkyl; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Cmo 
alkyU Cmo alkoxy, hydroxy, halogen and trifluoromediyl; 
or a phaimaceudcally acceptable salt thereof. 



10 




(vn) 
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15 



20 



Another class of intennediate compounds has the Fozmula (XLIV): 



X is -CHR3-, -CHRj-aDcyK or-CHRs-alkenyl-; 
Ri is selected from the group consisting o£ 

-heteroaxyl; 

-heteiocyclyl; 

-Rr- heteioaiyl; and 

-R4-4ieterocyclyl; . . 
Ri is selected from die group consisting of: 

-hydrogen; 

-aDcyl; 

-aDcenyl; 

-aiyl; 

-heteroaiyl; 
-hetetocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alkeiqi; 
-alkyl-Y-aiyl; and 

• aKyl or alkei^l substituted by one or more substituents selected 
fiom die group consisting of: 




(XLIV) 



-OH; 

-halogen; 

-N(R3)2; 

-co-mih: 

-CO-Cj-ioalkyl; 
-CO-0-C|.ifl alkyU 
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-N3; 
-aiyl; 

^ -hetexoaxyl; 

-heterocyclyl; 

5 -CO-axyl; and 

-CO-hetexoazyl; 

R4 is alky 1 or alkenyl. which may be inteiiupted by one or moie -O- 
groups; 

each is independently H or Ci.ioaIkyl; 

10 each Y is independently -O- or -S(0)o.r; 

n is 0 to 4; and 

each R present is independently selected from the group consisting of Cuio 
alkyl, Cmo alkoxy, hydroxy, halogen and trifluorometfayl; 
or a phannaceutically acceptable salt thereof. 



15 



An additional class of intermediate confounds has the Fonnula (Vm): 




20 

whcrefau X is -CHR3-, -CHRa-alkyK or-CHRj-alken^is 
Ri is selected from ttie group consisting of. 
-heteroaiyl; 
-heterocyclyl; 
25 -R4-hetBroaiyl;and 

-Rr-heterocyctyl; 
R2 is selected from the group consisting of: 
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-hydrogen; 
-alkyl; 
-alkenyl; 
-aiyl; 

S -heteioaiy^ 

-hetezocycfyl; 
-a%l-Y-aIkyt 
-alkyi-Y- alkenyl; 
-attyl-Y-aiyl; and 

10 *al]QfI oranceoyl substitutedby one or more substituents selected 

fiom die group consisting o£ 
OH; 
-halogen; 
-N(R3)2; 

15 <:0-N(R3)2; 

-CO-Cmo allgrl; 

-CO-0-Ci.ioalky^ 

-N3; 

-aiyl; 

20 -heteroaiyl; 

-heteiocyclyl; 
-CO-aiyl; and 
-COheteroaiyl; 



25 R4 is alkyi or alkeiQrl, which may be inteimpted by one or more -O- 

each Ra is independently H or C].]o alkyl; 
each Y is mdependently -O- or -S(0)o4-; 
D is 0 to 4; 

30 each R present is independent^ selected from the groi^ consisting of Ci.jo 

alkyl, Ci-io alkoxy, hydroxy^ halogen and trifluoiomethyl; and 
R7 is ^-butyl or bens^l; 
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15 



20 



or a pbannaceutically acceptable salt thereof. 
A fintfaer class ofintennediates axe imidazoqumoline-4-chloro compounds of fte 



-heteroaiyl; 
-hetBtocycIyl; 
-Rr- faeteioaxyl; and 
-R4-lietBrocycl]^; 
R2 is selected fiom the group consistiiig of: 
-hydrogen; 
-aOgrl; 
-aOcenyl; . 
-aiyU 

-heteioaxyl; 
•fasteiocyctyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alken^; 
-aI]^-Y*azyI; and 

- aDcyl or alkenyl substituted by one or more substituenis selected 



Formula (DQ 




(DO 



wherein: 



X is -CHR3-, -CHRj-alkyK or -mURa^-alkenyl-; 
' Ri is selected from flie group consist£ag ot 
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-halogen; 

-CO-N(R3)2; 

-CO-Ci-to alkyi; 

-CO-O-Ci.ioaDiyl; 

-N3; 

-aiyl; 

-heteroaiyl; 
-heterocycl^; 
-CO-azyl; and 
-CO-heteroaiyl; 

R4 is aUcyl or aUcenyl, which may be intemipted by one or more -O- 
groups; 

each R3 is independently H or Cmo alkyl; 
each Y is independently -O- or -S(0)o-2-; 
n is 0 to 4; and 

each R present is independently selected from fte group consisting of Cmo 
alkyl, Cuio alkoxy, hydroxy, halogen and tiifhioiomethyl; 
or a phannaceutically acceptable salt thereof. 



As used herein, the tenns **alkyr, ^alkenyl** and the prefix ''alk-'' are inclusive of 
both straight chain and branched chain groups and of cyclic groups, i.e. cycloalkyl and 
cycloalkenyl. Unless o&erwise specified, these groups contain from 1 to 20 caibon atoms, 
wi& alkenyl groiq)s containing from 2 to 20 caibon atoms. Preferred groups have a total 
of up to 10 carbon atoms. Cyclic groups can be monocyclic or polycyclic and preferably 
have from 3 to 10 ring carbon atoms. Exemplary cyclic groups include cyclopropyl, 
cyclopentyl, cyclohexyl, cyclopropylmethyl, and adamantyl 

In addition, the alkyl and alkenyl portions of -X- groups can be unsubstituted or 
substituted by one or more substituents, which substituents are selected from the group 
consisting of alkyl, alkenyl, aiyl, heteroaryl, heterocyclyl, aiylalkyl, heteroarylalkyl, and 
heterocyclylall^l. 
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The term 'lialoalkyi** is inclusive of groups that are substituted by one or more 
halogen atoms, including perfluorinated groups. This is also tnie of groups that include 
the prefbc "halo-". Examples of suitaBle haloaDcyl groups are chlorometfayl, 
trifluoromethyl, and tiie Uke. 

S The term *'aryr as used herein includes caibocyclic aromatic rings or ring systems. 

Examples of aiyl groups include phenyl, naphtt^rl, biphenyl, fluorenyl and indei^I. The 
term "heteroaryr includes aromatic rings or ring systems that contain at least one ring 
hetero atom (e.g., O, S, N). Suitable heteroaiyl groups include fuxyl, ^enyl, pyridyl, 
quinolinyl, isoquinolinyl, indolyl, isoindolyl, triazolyl, pytrolyl, tetrazolyl, imidazolyl, 

10 pyiazolyl, oxazolyl, thiazolyl, benzofuranyl, benzotbiophenyl, cazbazotyl, benzoxazolyl, 
pyrimidinyl, quinoxalinyl, benzimidazolyl, benzothiazolyl, naphthyridinyl, isoxazolyl, 
isothiazotyl, quinazolinyU purinyl. and so on. 

''Heterocyclyr* includes non-aromatic rings or ring systems that contam at least 
one ring hetero atiom (e.g., O, S, N) and includes this fiilly saturated and partially 

IS unsatunited derivatives ofanyoftfaeabo^ mentioned heteroaiyl groups. Exemplaiy 

heterocyclic groups inchide pynoUdinyl, tBtrabydroiiiianyi, morpholinyl, tfiiomoipholinyl, 
piperidinyl, piperazizryl, Ihiazolidinyl, imidazolidinyl, isofliiazolidinyl, and die like. 

The aiyl, heteroiaiyl, and heterocycl^l groups can be unsubstituted or substituted by 
one or more substituents independently selected fixnn the group consisting of aOcyl, 

20 alkoxy, alkylthio, haloalkyl, haloalkoxy, haloalkyl&io, halogen, nitro, hydroxy, mercapto, 
cyano, carboxy, formyl, aiyl, aiyloxy, aryltiiio, arylaDcoxy, arylalkyldiio, heteroaiyl, 
heteroaiyloxy, heteroarylthio, hetBroarylaOcoxy, heteroaiylallcylthio, amino, alkylamino, 
dialkylamino, heterocyclyl, heterocycloalkyi, alkylcaibonyl, alkenylcaifoonyl, 
aDcoxycaibonyl, haloalkylcaibonyl, haloalkoxycaibonyl, aOcylthiocarbonyl, aiylcaibonyl, 

25 heteroazyicaibonyl, aiyloxycsifibonyl, hetcroaiyloxycaibonyl, arylthiocaibonyl, 

heteroaryUfaiocaibGivl, alkanoyloxy, aUcanoyltfaio, alkanoyUonino, aroyloxy, aroyllfaio, 
aioylamino, alkylaminosulfonyl, alkylsulfonyl, aiylsulfonyl, hetexoaiylsulfimyl, 
aiyldiazuiyl, alkylaulfon^amiiio, alkylenesulfonylamino, arylsulfonylamino, 
aiylalkybulfanylainiiio^BtBioaiylsulfonyl^^ heteroalkylsnlfonylamino, 

30 alkylcaibonylamino, alkenylcaibonylamino, aiylcaibonylainino, axylaOcylcaibonylamino, 
heteroaiylcaibonylamino, heteroazylalkylcaiboiiylamino, alkylamiriocazbonylanuno, 
alkenylaminocaibonylamino, aiylaminocaibonylamino, axylaBc^aminocaibonyl, 
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heteroarylaminocaibonylammo, hcrteroarylalkylaminocaibonylainino, but, in the case of 
heterocyclyl, aikylcarbonyl, alkenylcaibouyl, haloalkylcarbonyl, arylcarbonyl, 
heteroarylcarbonyl, alkylthiocaibonyl, aiylfliiocarbonyl, heteroarylcaibonyl, 
alkylaminosulfonyl, alkylsulfonyl, aiylsulfonyl, and heteroaiylsulfonyl arc not permitted. 
If any other groups are identified as bemg "substituted" or "optionally substituted", then 
ftose groups can also be substituted by one or more of the above enumerated substituents. 

Certain substituents are generaUy preferred. For example, preferred heteroaryl 
gn)ups include 2-pyridine, 3-pyridine, 4-pyridine, 2-pyri^ 
Preferably no R substituents axe present (Le., n is 0). Preferred Ra groups include 
hydrogen, alkyl groups having 1 to 4 carbon atoms (i.e., methyl, ethyl, propyl, isopropyl, 
n-butyl, sec-butyl, isobutyl, and cyclopropyhnethyl), methoxyethyl, and eflioxymethyl. 
One or more of these preferred substituents, if present, can be present in the compounds of 
the invention in aiiy combination. 

The invention is inclusive of the compounds described herein in any of their 
pharmaceutically acceptable forms, mcludmg isomers (e.g., diastereomers and 
enantiomers), salts, solvates, polymorphs, and the like. In particular, if a compound is 
optically active, the invention specifically includes each of the compound's enantiomers as 
well as racemicmixtures of the enantiomeis. 

Pharmaceutical Compositions and Biol ogical Activity 

Pharmaceutical compositions of the invention contain a therapeutically eff^ve 
amount of a compound of the invention as described above in combination wift a 
pharmaceutically acceptable carrier. 

The term "a therapeutically effective amount" means an amount of the compound 
sufficient to induce a therapeutic effect, such as cytokine mduction, antitumor activity, 
and/or antiviral activity. Although the exact amount of active compound used in a 
pharmaceutical composition of flie invention will vary according to factors known to those 
of skill in the art, such as the physical and chemical nature of the compound, tiie nature of 
the earner, and the intended dosing regimen, it is anticipated that the compositions of the 
invention will contain sufficient active ingredient to provide a dose of about 100 ng/kg to 
about 50 mg/kg, preferably about 10 \xg/kg to about 5 mg/kg, of the compound to the 
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subject Any of &e conventional dosage fonns may be used» such as tablets, lozenges, 
paxenteial foimulations, syrups, creams, ointments, aerosol fonnulations, txansdemial 
patches, transmucosal patches and the like. 

The compounds of the invention can be administeced as die single therapeutic 
5 agent in tiie treatment regimen, or flie compounds of the invention may be administered in 
combination with one anotiier or with other active agents, includiiig additional 
response modifiers, antivirals, antibiotics, etc. 

The compounds of the invention have been shown to induce tiie production of 
certain cytoldnes in experiments perfomied according to die tests set forth below. These 

10 results indicate that the compounds are useful as immune response modifiers that can 

modulate the immune response in a number of different ways, rendering them useful in the 
treatment of a variety of disorders. 

Cytokines whose production may be induced by the administration of compounds 
according to the invention generally include interferon-a (IFNnt^) and/or tumor necrosis 

15 factor-a CTNF-ot) as well as certain interleukins (IL). Cytokines whose biosyn^esis may 
be induced by compounds of the invention include IFN-o, TNF^ IL-1, IL-6, IL-10 and 
IL-12, and a variety of o&er cytokines. Among other effects, tiiese and otiier cytokines 
can inhibit virus production and tumor cell growth, making the compounds usefiil in the 
treatment of viral diseases and tumors. Accordingly, tiie invention provides a method of 

20 inducing cytokine biosynthesis in an animal comprising administering an effective amount 
of a compound or composition of the invention to the animal. 

Certain compounds of the invention have been found to preferentially induce the 
expression of IFN-a in a population of hematopoietic cells such as PBMCs (peripheral 
blood mononuclear cells) containing pDC2 cells (precursor dendritic cell-type 2) witiiout 

25 concomitant production of significant levels of inflammatory cytokines. 

In addition to the ability to induce the production of cytokines, the compounds of 
the invention affect other aspects of tiie innate immune response. For example, natural 
killer cell activity may be stimulated, an effect that may be due to cytokine induction. The 
compounds may also activate macrophages, which in turn stimulates secretion of nitric 

30 oxide and the production of additional cytokines. Further, the compounds may cause 
proliferation and differentiation of B-lymphocytes. 
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Compounds of the invention also have an effect on the acquired immune response. 
For example, although is not believed to he any direct effect n T cells or direct 
induction of T cell cytokines, the production of the T helper type 1 (Thl) cytokine IFN-7 
is induced indirectly and the production of the T helper type 2 (Yh2) cytokmes IL-4, IL*5 

5 and ELp13 are inhibited upon administration of the compounds. This activity means ftat 
the compounds are useful in the treatment of diseases where upiegulation of Ac Thl 
response and/or downregulation of the lli2 response is desired. In view of the ability of 
compounds of the invention to inhibit the Th2 immune response, the conqiounds are 
expected to be useful in the treatment of atopic diseases, e.g., atopic dermatitis, asthma, 

10 allergy, allergic rhinitis; systemic lupus erythematosis; as a vaccine adjuvant for cell 
mediated immunity; and possibly as a treatment for recuxrent fungal diseases and 
chlamydia. 

The immune response modifying effects of the compounds make them useful in 
ttie treatment of a wide variety of conditions. Because of their ability to induce the 

1 5 production of cytokines such as IFN-a and/or TNF-a, flie compounds are particularly 
useful in the treatment of viral diseases and tumors. This immunomodulating activity 
suggests that compoimds of the invention are useful in treating diseases such as, but not 
limited to, viral diseases including genital warts; common warts; plantar warts; Hq>atitis 
B; Hepatitis C; Herpes Simplex Virus Type I and Type 11; molluscum contagiosum; 

20 variola, particularly variola major, rhinovirus; adenovirus; influenza; para-influenza; HIV; 
CMV; VZV; intraepitiielial neoplasias such as cervical intraepiHielial neoplasia; human 
papillomavurus (HPV) and associated neoplasias; fungal diseases, e.g. Candida, aspergillus, 
and ciyptococcal meningitis; neoplastic diseases, e.g., basal cell carcinoma, hairy cell 
leukemia, Kaposi's sarcoma, rttvai cell carcinoma, sqiiamous cell carcinoma, myelogenous 

25 leukemia, multiple myeloma, melanoma, non^Hodgkin's lymphoma, cutaneous T-cell 
lymphoma, and odier cancers; parasitic diseases, e.g. Pneumocystis camii, 
cryptosporidiosis, histoplasmosis, toxoplasmosis, trypanosome infection, and 
leishmaniasis; and bacterial infections, e.g., tuberculosis, and mycobacterium avium. 
Additional diseases or conditions diat can be treated using 0ie compounds of the invention 

30 include actinic keratosis; eczema; eosinophOia; essential finombocythaemia; leprosy; 
multiple sclerosis; Qmmen's syndrome; discoid lupus; Bowen's disease; Bowenoid 
papulosis; alopecia areata; the inhibition of keloid formation after surgery and other types 
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of post-surgical scars. In addition, these compounds could enhance or stimulate flie 
healing of wounds, including chronic wounds. The compounds may be useful for treating 
file opportunistic infections and tumors diat occur after suppression of cell mediated 
immunity in, for example, trax^plant patients, cancer patients and HIV patients. 
5 An amoimt of a compound effective to induce cytokine biosynfliesis is an amount 

sufficient to cause one or more cell types, such as monocytes, macrophages, dendritic cells 
and B-cells to produce an amount of one or more cytokmes such as, for example, IFN-o, 
TNF-a, IL-1, IL-6, IL-10 and n--12 that is increased over the background level of such 
cytokines. The precise amount will vary according to fiwtors known in the ait but is 
10 expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 ng/kg to 
about 5 mg/kg. The invention also provides a method of treating a viral infection in an 
animal and a method of treating a neoplastic disease in an animal comprising 
administering an effective amount of a compound or composition of die invention to the 
animal. An amount effective to treat or inhibit a viral infection is an amount that will 
1 5 cause a reduction in one or more of the manifestations of viial infection, such as viral 

lesions, viral load, rate of virus production, and mortality as compaxpd to untreated control 
animals. The precise amount will vary according to fectors known in the art but is 
expected to be a dose of about 100 ng/kg to about SO mg/kg, preferably about 10 fig/kg to 
about 5 mg/kg. An amount of a compound effective to treat a neoplastic condition is an 
20 amount that will cause a reduction in tumor size or in die number of tumor foci. Again, 
the precise amount will vary according to fectors known in fee art but is expected to be a 
dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 ng/kg to about 5 mg/kg. 

The invention is further described by the following examples, which are provided 
for illustration only and are not intended to be limiting in any way. 



25 



In the examples below some of the compounds were purified using semi- 
preparative HPLC. Two different metfiods were used and Ihey are described below. Both 
methods used a A-lOO Gilson-6 equipped with 900 Series Intelligent Inter&cc. The semi- 
prep HPLC fractions were analyzed by LC-APCI/MS and die appropriate fractions were 
30 combined and lyophilized to provide the trifluoroacetate salt of the desired compound, 
MediodA 
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Column: column Microsorb C18, 21.4 x 250 mm, 8 micron particle size, 60A pore; 
flow rate: 10 mUmin.; gradient elution from 2-95% B in 25 min., hold at 95% B for 5 
nmL, where AH).l % liifluoroacetic acid/water and B^.1% trifluoroacetic 
acid/acetonitrile; peak detection at 254 nm for triggering fiaction collection. 
Me&odB 

Column: Phenomenex CapceU PakClS, 35 x 20 mm« 5 micron particle size; flow 
rate: 20 mL/min.; gradient elution from 5-95% B in 10 miiLs hold at 95% B for 2 min., 
where A^).l % trifluoroacetic acid/water and B^.1% trifluoroacetic acid/acetonitrile; 
peak detection at 254 nm for triggering fraction collection. 

Example 1 

l'<2-{[3-(Isoq[uinolin-4-yl)-2-pn5)ynyl]oxy}ethyl)-lH-imida2o[^^^ 




PartA 

2-(li/-Imidazo[4,5-c]quinolin-l-yl)-l-ethanol (28.5 g, 0.133 mol) was added in 
portions over a period of 1 hour to a mixture of sodium hydroxide (240 mL of 50%), 
dicWoromethane (240 mL), propargyl bromide (39.6 g of 80%, 0.266 mol) and 
benzyltrimethylammonium chloride (2.46 g, 0.013 mmol). The resulting reaction mixture 
was allowed to stir at ambient tenqserature for 16 hours at which time the reaction mixture 
was homogeneous. The layers were separated. The aqueous fraction was extracted with 
additional dicUoromethane. The organic fractions were combined, washed with water, 
dried over magnesium sulfate and then concentrated under reduced pressure. The 
resultingresidue was combined wididiettyl ether and the mixture was allowed to stir. An 
orange solid was isolated by filtration. This material was recrystalUzed from ethyl acetate 
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to provide 19.8 g of 2-(l//-mudazo[4,S-c]quinolm-l-yl) ttiyl (2-propyiiyl) ether as a 
yellow ciystalline solid, m.p. 124-126*C 

Analysis. Calculated for C1SH13N3O: %C. 71.70; %H, 5.21 ; %N, 16.72. Found: %C, 
71.85; %H, 525; %N, 16.90 
5 ^HNMR (300 MHz, DMSO) 6 921 (s, 1 H), 8.44 (m, 1 H), 8.36 (s, IH), 8.18 (m, 1 H). 
7.71 (m, 2 H), 4.93 (t, J = 5.1 Hz, 2 1^, 4.14 (d, J = 2.4 Hz, 2 H). 3.98 (t, J = 5.1 Hz, 2 H), 
3.35(t,J = 2.2Hz,lH) 

HRMS(ESI) calcd foi C15H14N3O (MH*) 252.1137. found 252.1 141 
PartB 

10 2-(l/f-Imidazo[4,5-c]qumolin-l-yl)e%l (2-propynyl) ether (19.7 g, 78.4 mmol) 

and chloroform were combmed and then cooled to 0°C. 3-Chlon>peroxybenzoic acid (15.7 
g of 57*86%) was added and the mixture was allowed to stir for 0.5 hour. The mixture 
was allowed to warm to ambient temperature by which time all material was in soMoa 
Analysis by thin layer chromatography (TLC) indicated that some starting material was 

1 5 still present so more 3-chloropero3cybenzoic add (two separate 4 g portions) was added. 

About 0.5 hour after tiie second portion was added, TLC showed no starting material The 
reaction solution was extracted with 10% sodium hydroxide. The aqueous fraction was 
then extracted multiple times wi& dichlorometfaane. The organic fractions were 
combined, dried over magnesium sulfate, filtered and then concentrated under reduced 

20 pressure to provide 1 8.5 g of l-[2-(2^m)pynyloxy)ethyl]-lif-imidazo[4,5-c]quinoline-5N- 
oxide as a yellow ofl. 

HRMS(ESI) calcd for Ct5H]4N302 (MH^ 268.1086, found 268.1098 
Parte 

Under a nitrogen atmosphere trichloroacetyl isocyanate (1 5.5 g, 82.2 mmol) was 
25 added dropwise to a mixture of l-[2-Q-propynyloxy)etfayl]-lA^imidazo[4,5-c]quinoUne- 
5N-oxide (18.3 g, 68.5 nimolj and dichloiomeftane (300 mL). Vigorous caibon dioxide 
evolution was observed After about 0.5 hour aUofthe material was in solution, lie 
reaction solution was allowed to stir for about 1 hour at which time analysis by TLC 
mdicated the presence of a small amount of starting material. More trichloroace^ 
30 isocyanate (4.5 ^ was added. After 1 hour, TLC analysis indicated diat the reaction was 
* complete. The volatiles were removed under reduced pressure to provide N-{l-[2-(2- 
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propynyloxy)ethyl]-lif-imidazo[4,5-c]quinolm-4-yI}-2^,2-rt^ as a pale 

yell w solid. 

PartD 

Dichloromelhane (1 SO mL) was added to a mixture of die solid from Part C and 
S methanol (200 mL) and all of the material went into solution. Sodium metboxide (50 g of 
23% in methanol was added and the solution was allowed to stir at ambient temperatuie 
overnight Theresultingprecipitate was isolated by filtration. Thefiltratewas 
concentrated to a volume of approxisiatBly 100 mL and a second crop of precipitate was 
isolated by filtration. Hie two crops were combined and dried in a vacuum oven at 60% 
10 for 16 horns to provide 16.4 g of l-[2-(2-prDpynyloxy)ethyl]-Lff-imidazo[4,5-c]quinolin- 
4-amine as an ofiF-whitc solid, m.p. 225-227°C. 

Analysis. Calculated for C15H14N4O (H20)i/4:%C, 66.53; %H. 5.40; %N, 20.69. Found: 
%C, 66.33; %H, 5.18; %N, 21.12 

'H NMR (300 MHz, DMSO) 5 8. 13 (s, 1 H), 8.08 (br d, J = 7.8 Hz, 1 H), 7.62 (br d, J = 
15 8.3 Hz, 1 H), 7.44'(br t. J = 7.6 Hz, 1 H), 724 (br t, J = 7.5 Hz, 1 H), 6.54 (s, 2 H). 4,81 (t, 
J«5.4Hz.2H), 4.14 (d,J = 2.4Hz,2H).3S3(t.J = 5.1H2,2H), 3.38 (t,J = 2.4 Hz, 1 
H) 

HRMS(ESI) calcd for C15H15N4O (MH*) 267.1246, found 267.1253 
FaztE 

20 Under a nitrogen atmosphere l-[2-(2-propynyloxy)edryl]-l A'*imidazo[4,5- 

cJquhiolin-4-amine (16 g, 60.1 mmol), di-/ert-but/l dicaibonate (32.7 g, 150 mmoQ, 
triethylamine (21 mL, 150 mol), NJf-dimedr^lfimnamide (150 mL) and 4- 
(dimethylamino)pyridine (0,1 g) were combined and heated to 80-85'C. After about 1 
hour die mixture became homogeneous and TLC analysis indicated diat very litde starting 

25 material remained. The solution was heated for an additional hour. The solution was 

diluted widi etfayl acetate and water. The layers were separated and the aqueous fraction 
was extracted with ethyl acetate. The organic fractions were combined, washed widi 
water and flien widi brine, dried over magnesium sulfate, filtered and then concentrated 
under reduced pressure to provide a pale orange-yellow solid. This material was triturated 

30 with diefliyl edier to provide 22.6 g of NJN-(bi8 tert-butoxycaibonyl>l-[2-(2- 

propyiiyloxy)ethyl]-ltf-imidazD{4,S-c]quinolin-4-amine as an ofF-ix^te solid, m.p. 139- 
142"C. 
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Analysis. Calculated for C25H3oN40s:%C, 64.36; %H, 6.48; %N, 12.01. Found: %C, 
64.40; %H, 6.43; %N. 12.06 

*H NMR (300 MHz, DMSO) 5 8.44 (m, 1 H). 8.35 (s. 1 H), 8.08 (m, 1 H). 7.73 (m. 2 H). 
4.94(t,J = 4.9Hz,2H),4.12(d,J = 2.4H2,2H).3.98(t,J = 5.1Hz,2H), 3.31(t,J-2.4 
5 Hz,lH),1.34(s.l8H) 

HRMS(ESI) calcd for C2SH31N4O5 (MH*) 467.2294. found 467^07 
PartF 

Under a nitrogen atmosphere N,N-(bis ^ert-*utoxycarbonyl)-I-[2-(2- 
propynyIoxy)ethyl]-lif-imidazo[4^H:]quinolm-4-amine (1.0 g, 2.14 nxmol), triethylamine 

10 (0.8 mL, 5.56 nunol) and N^M-dunethylformamide (25 mL) were combined and the 

resulting solution was heated to 80-85^. Dichlon>bis(triphenylphosphine)palladLum(II) 
(0.08 g, 0.1 1 mol), coppet(I) iodide (0.04 g, 0.21 mmol) and 4-biomoisoquinoline (0.49 g, 
2.35 nunol) were added. After 3 houis analysis by hig}i performance liquid 
chromatography (reverse phase with an acetonitrile/water gradiisnt) indicated fliat the 

1 5 reaction was complete. The reaction solution was slowly poured into water with vigorous 
stirring. A cream colored precipitate was isolated by filtration, washed with water and 
then dried in a vacuum oven (<40**C) for 16 hours to provide 121 g of N,N-(bis tert- 
butoxycaibonyl)-l-(2-{[3-(isoquinolin-4-yI)-2:propynyl]oxy}ethyl)-lH-imidaM 
c]quinolin-4-amine. 

20 HRMS(EI) calcd for C34H35N5O5 (M*) 5942716, found 594.2732 
PartG 

Under a nitrogen atmosphere, the material fiom Part F was added in portions to a 
mixture of dichloromethane (5 mL) and trifluozoacetic acid (5 mL). The resulting solution 
was allowed to stir at ambient temperature for 2 hours at which time TLC indicated the 

25 reaction was complete. The solvents were removed under reduced pressure. The residue 
was diluted with dichloromelhaneAnetfaanol (^/l) and 20% sodium hydroxide. The 
layers were separated. The aqueous fiaction was extracted with 
dichlorometfaane/methanol (r^fiy The organic fiactions were combined, dried over 
magnesium sul&te, filtered and then concentrated under reduced pressure. The residue 

30 was purified by flash chromatography to provide 0,15 g of l-(2-{[3-(isoquinolin-4-yI)-2- 
propynylloxy}etfayl)-li/-inudazo[4,5'C]quinolin'4-amine as an off-white solid, m.p. dec > 
205'. 
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*H NMR (300 MHz, DMSO) 8 9 JO (s, 1 H), 8.43 (s, 1 H), 8.35 (s, 1 H), 8. 19 (m, 2 H), 
7.88 (br d, J = 8.0 Hz, 1 H), 7.65 - 7.80 (m, 4 H), 7.60 (d, J = 8.3 Hz, 1 H), 7.49 (t, J = 7.8 
Hz, 1 H), 7.34 (t, J - 7.8 Hz, 1 H), 4.93 (t, J = 4.9 Hz, 2 H), 4.57 (s. 2 H), 4. 14 (t, J = 5.1 
Hz,2H) 

HRMS(ESI) calcd for C24H19N5O (MH*) 394.1668, found 394.1669 

Example 2 

lK2-{[3<l,3-Thiazol-2-yl)-2-im)pynyl]oxy}etlqrl> 
li/-iimdazo[4^-c]quiiioIin-4-axnme 




10 

PartA 

Using die genend method of Example 1 Part F, N,N-(bis te7t-butoxycaiboiQrl)-l- 
[2-<2-pn)pynyloxy)ethyl]-lif-imidazo[4,5-c]quinolin-4-amme (1.0 g, 2.14 nunol) was 
reacted with 2-bromo&iazole to provide 0.97 g of NJSf-(bis tert-butoxycaibonyl)-l-(2-{[3- 
15 (13-thiazol-2-yl)-2-propynyl]oxy}etfayl)-lH-imidazo[4^-c]quinolin'4'a as a glassy 
yellow solid. 
MS (CI) 550, 450, 350 
PartB 

Using the general method of Example 1 Part G, Ibo material from Part B was 
20 hydiolyzed to provide 0.1 1 g of l<2-{[3-(l,3-tfaiazol-2-yl)-2-piopynyl]oxy}ediyI>-lff* 
imidazo[4^-c]qimioIi]i-4-amine as a white solid, m.p. 157-159%. 
Analyma. Calculated for CisHisNsOS * (HaO)^: %C, 61.09; VoH. 4.42; %N, 19.79. Found: 
%C, 61,06; %H, 4.37; %N. 19.53 
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*H NMR (500 MHz, DMSO) 5 8.1 8 (s, 1 H), 8.1 1 (d, J = 7.9 Hz. 1 H), 7.89 (dd, J = 17.7, 
2.9 Hz, 1 H), 7.62 (d. J = 7.9 Hz, 1 H), 7.43 (t, J = 7.5 Hz, 1 H). 723 (t, J « 7,5 Hz, 1 H), 
6.64 (5, 2 H), 4.83 (m. 2 H), 4.50 (s, 2 H), 4.01 (m, 2 H) 
HRMSOBI) calcd for CigHisNsOS (M*) 349.0997, found 349.0988 

5 

Example 3 

l-{2-[3-(lH-PyrazoM-yl)propoxy]cfl3yl}-l/r-imidazo[4,5-c]^ 




10 

PaitA 

N,N-<bia/ert-birtoxycaitx>nyl>-l-[2-(2-propynyloxy)c%q 
c]quinoli&4-axDine (2.25 g, 4.82 mmol), triethylamine (1.34 mL, 9.64 mmol), 4- 
iodopyiazole (1.02 g, 5.30 mmoQ and anhydrous acetomtrile (40 mL) were combined. 

1 5 Nitrogen was bubbled through ttie resulting solution for 10 minutes. 

DichIorobis(triphenylphosphine)palladium(II) (68 mg, 0.096 mol) and coppei(I) iodide 
(37 mg, 0.192 mmoO were added and the solution was heated to 40X. After 1 hour 
analysis by HPLC (reverse phase) indicated that no reaction had taken place. The reaction 
solution was heated to about 9p''C. After 4 hours analysis by HPLC indicated that ti]e 

20 reaction was complete. The volatOes were removed under reduced pressure. The residue 
was purified by flash chromatography (9/1 dichlorometfaane/methanol) to provide 1.2 g of 
N J^-(biB tert4)Utoxycaibonyl)-K2- {[3<l/f-pyrazol-4.yI)-2-prop^^^ 
imidazo[4,5-c]quinolin«4-amine as a white solid. 
Parte 

25 The material fiom Part A was combined wifli mettianol (-20 mL) and catalyst 

(025 g of 10% palladium on carbon). The mixture was hydrogenated for 4 hours at which 
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time analysis by reverse phase LC-MS indicated reduction to die alkene and the alkane. 
More catalyst (0^5 g) was added and the mixture was hydrogenated for 2 days at which 
time LC-MS indicated one product with no starting material or alkene. The mixture was 
filtered and the filtrate was washed with methanol. The solution was conoentiated to give 
5 a solid. This material was purified by flash chromatography (9/1 

dichloiomethane/metfaanol) to provide 0.9 g of N^-(bis /£rr-butoxycaibonyl>l-{2-[3- 
(l/r-^jyrazol-4-yl)propoxy]ethyl}-lH-imidazo[4,5-c]qu^ as a white solid. 

•H NMR (300 MHz. DMSO) S12.43 (br s, 1 H). 8.48 (br d. J = 7.1 Hz. 1 H), 837 (s. IH), 
8.08 (br d. J » 7.3 Hz. 1 H). 7.72 (m. 2 H). 730 (br s, 1 H). 7.14 (br s, 1 H), 4.92 (t, J = 4.9 
10 Hz.2H).3.88(t,J = 4.9Hz,2H),2.22(t.J«7.8Hz.2H).1.56(m,2H), 131(8. 18 H) 
MS (EI) 537. 437, 337 
Parte 

Under a nitrogen atmosphere trifluoroacctic acid was added to a mixture of NJ^- 
(bis te/t-butoxycarbonyl)-l-{2-[3-(lH-pyrazol-4-yl)propoxy]etfayl}-lH-i^ 

1 5 c]quinolin-4-amine (0.5 g, 0.93 mmol) and dichloromethane (5 mL). The resulting 

solution was allowed to stir for 16 hours at which time analysis by LC-MS indicated tiiat 
the reaction was com|)lete. The solvents were removed under reduced pressure. Hie 
residue was dissolved in efliyl acetate (-10 mL) and triethylamine (2 mL) was added. A 
precipitate formed and the reaction mixture was allowed to stir for 2 hours. The solid was 

20 isolated by filtzation and flien it was purified by flash chromatography (9/1 to 8/2 
dichloromeihane/melhano]) to provide 0.18 g of l-{2-[3-(lfr-pyrazo^ 
lyl)propoxy]ethyl}-l/f-imidazo[4,5-c]quinolin-4-amme as a white solid, m.p. 163-169**C. 
Analysis. Calculated for CigHjoNeO • (CF3C02H)o.i5 %C, 62.18; %H. 5.75; %F, 2.42; %N, 
23.77. Found: %C. 61.86; %H, 5.70; %F, 2.52; %N, 23.44 

25 *H NMR (300 MHz. DMSO) 5 12.50 (br s, 1 H), 8.20 (s. 1 H), 8.15 (d, J = 8.3 Hz, 1 H), 
7.66 (d. J = 8.3 Hz. 1 H), 7.49 (t, J = 7.6 Hz, 1 H), 7.29 (t, J = 7.6 Hz, 1 H), 7. 1 5 - 7.40 (br 
• 8, 2 H). 7.00 (br 8, 2 H), 4.81 (t, J = 4.6 Hz. 2 H). 3.84 (t, J = 4.6 Hz. 2 H), 3.34 (t. J = 6.1 
Hz.2H).227(t.J = 7.6Hz,2H). 1.60 (m.2H) 
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Example 4 

l-[2-<3-Pyrimidin-2-ylpropoxy)elhyll-lH-inuda2o[4,5-c]q 




PartA 

5 Under a nitrogen atmosphere dibenzyl dicaibonate (50 & 174 mmol) was added to 

a mixture of l-[2-(2.propynyloxy)ethyll-lfr-imidazo[4,5-c]quinolm^ (16.4 g, 61.6 
mmol) and anhydrous N^-dimethylfoimamide (200 mL). The reaction mixture was 
aUowed to stir at mbicnt temperature for 1 6 hours and &e icacti^^ 
homogeneous. The reaction mixture was partitioned between ethyl acetate and water. The 

10 layers were separated. The aqueous layer was extracted with efliyl acetate. The organic 
fractions were combined, washed with water, washed with brine, dried over magnesium 
sulfite, filtered and then concentrated under reduced pressure to provide a semisolid. This 
material was triturated with diethyl e&er to provide 27.4 g of N,N-(bis 
ben2yloxycarbonyl>l-t2-(2-propynyloxy)ethyl]4H-imidazo[4^<^ as a 

15 white solid. 
Parte 

. NJ^KBisbcn^loxycaibonyl>-l-t2<2-propynyloxy)ethyl]-lH-^ 
c]quinolin-4-amine (1.00 & 1.87 nmiol), anhydrous acctonitrile (10 mL), triethylamine 
(0.68 mL, 4,86 mmol). and 2-teomopyrunidme (0.327 g, 2.06 mmol) were combined. 

20 Under a nitrogen atmosphere copper (I) iodide (0.014 g) and 

dichlorobis(triphenylpho8phine)panadium(II) (0.026 g) were added. The reaction mixture 
was mamtained at ambient temperature for 15 minutes and dien heated to 80**C for 1.5 
hours. The reaction mixture was diluted with ethyl acetate and water. The aqueous layer 
was separated and then extracted with ethyl acetate until no UV materials remained in the 

25 aqueous layer. The organic fiactions were combined, washed with aqueous sodium 

bicarbonate and brine, dried over magnesium sulfete, filtered and then concentrated under 

48 



wo 02/46193 



PCTAJSOl/46704 



reduced pressure. The residue was purified by column chromatography eluting with 98/2 
ethyl acetate/metiianol to provide 0.68 g of a mixture of the mono and di 
benzyloxycarbonyl protected l-{2-[(3-pyrimidin-2-ylprop-2-ynyl)oxy]ethyl}-l/f- 
iinidazo[4»S-c]quinolin-4-amine. 
5 NMR (300 MHz, DMS0-d6) 5 8.78 (d, 4.9 Hz, 2 H), 8.49 (m, 1 H), 8.45 (s, 1 H), 

8.12 (m, 1 H), 7.73-7.78 (m, 2 V), 7.50 (t, J« 4.9 Hz, I H), 753-7.28 (m, 6 H), 7.14-7.17 
(m, 4 H), 5.20 (s, 4 H). 5.02 (t, /= 5.0 Hz, 2 H), 4.51 (s, 2 H), 4.10 (t, 7= 5.0 Hz, 2 H), 
MS (CI) for C3SH28N5OS m/z 613 (MH^, 569, 461, 345 
Parte 

10 The material from Part B, palladium hydroxide (0.25 g of 20% on carbon) and 

methanol (25 mL) were combined and hydrogenated at 47 psi (3.3 Kg/cm^) for 3 hours at 
ambient temperature. The reaction mbcture was allowed to stand over the weekend at 
which time analysis indicated the presence of some product with protected amine groups. 
The reaction mixture was filtered to remove tiie catalyst and tiie filtrate was treated with 

15 sodium medioxide (1 mL of 25% in methanol) for about 16 hours to remove the protecting 
groups. The reaction mixture was concentrated under reduced pressure. The residue was 
purified by column chromatography eluting with 1/1/1 ediyl acetate/medianol/hexane to 
provide 0.235 g of a solid. This material was stiiied with hot toluene and dien filtered to 
remove insoluble materials. The filtrate was concentrated under reduced pressure. The 

20 residue was triturated widi isopropanol and eftyl acetate to provide 61 mg of l-[2-(3- 
pyrimidin-2-ylpropoxy)ethyl]-lH-imidazo[4,5-c]quinolin-4-amine as a solid, m.p. 126- 
127^0. 

Analysis. Calculated for C19H20N6O: %C. 65.5; %H, 5.79; %N, 24.12. Found: %C. 
65.65; %H, 5.78; %N, 24.15 
25 NMR (300 MHz, DMS(>d6) 5 8.66 (d, 7= 4.7 Hz, 2 H), 8.14 (s. 1 H), 8.08 (d, J « 8.0 

Hz. 1 H), 7.62 (d, J= Z2 Hz. 1 H), 7.45 (t, 7= 7.0 Hz. 1 H). 724-7.31 (m, 2 H), 6.58 (s, 2 
H).4.77(t,/=4.7Hz.2H), 3.84(t,y-4.5Hz,2H),3.42(t,/=6.2Hz.2H),2.82(t. J« 
7.5 Hz, 2 H), 1.89 (m,2H) 

IR(KBr) 3302, 3187, 2868. 1637. 1561. 1418, 1139 cm*' 
30 HRMS (EI) calcd for C19H20N6O (M*) 348,1699, found 348.1700. 
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Example 5 

l-[2<3-Pyridin-4-ylpropoxy)ethyl]4/^imidazo[4,5-^]qm^ 
NH, 




PartA 

5 Using the general method of Example 4 Part B N^-(bi8 bcnzyloxycaibonyl)-l-[2- 

(2-propynyloxy)eihyl]-l/f-rauda2o(4,5-c]qpimoli^ (2.00 g, 3.74 mmol) was 
reacted wifli 4-bromopyridine (0.8 g, 4.12 mmol) to provide 1.47 g of a mixture of mono 
and di bcnzyloxycaibonyl protected l.{2-[(3-pyridm-4-ylprop-2-ynyl)oxy]ethyl}-lH- 
imidazo[4,5-c]qumolin-4-amine. 

10 ^HNMR(300 MHz, DMS0-d6) 5 8.46 (m, 3 H), 8.43 (s, 1 H), 8.12 (m, 1 H), 7.72-7.76 
(m, 2 H), 722-7.28 (m, 5 H). 7.14-7.17 (m. 6 H). 5.18 (s. 4 H), 5.00 (t. J= 5.0 Hz. 2 H). 
4.45 (s, 2 H). 4.12 (t, 7= 4.0 Hz. 2 H) 
MS (CI) for C36H29NSO5 m/z 612 (MH*). 568, 344 
PartB 

15 Palladium hydroxide (0.57 g of 20% on carbon) was added to a sohition of the 

material fiom Part A m metiianol (-10 mL). The mixture was hydrogenated at 50 psi (3.5 
Kg/cm^) for 5 hours. More catalyst (0.07 g) was added and the hydrogenation was 
continued for another hour. The reaction mixture was filtered to remove catalyst and the 
filter cake was thorou^y washed with methanol The filtrate was concentrated under 

20 reduced pressure. The residue was purified by column chromatography eluting with 6/3/1 
ethyl acetate/mctfaanol/hcxane and then triturated witii dietiiyl etiier to provide a solid. 
This material was further purified by column chromatography eluting with 9/1 
dichloTometbanc/methanol with anmiomum hydroxide to provide 0.20 g of l-[2-(3- 
pyridjn-4-ylpropoxy)ethyl]-l/f-iinidazo[4,5-clquinolin-4.amine as a solid, m.p. 160- 

25 162'C. 
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Analysis. Calculated for C20H21N3O: %C. 69.14; %H. 6.09; %N, 20.16. Foood: %C, 
69.17; %H, 6.09; %N, 19.79 

'H NMR (300 MHz, DMS0-d6) 8 8.29 (dd, J = 2.6, 1 .8 Hz, 2 H), 8. 1 8 (s, 1 H), 8.11 (d, 7 
= 8.2 Hz, 1 H), 7.62 (dd, 7= 7.1, 1.4 Hz, 1 H), 7.45 (dt, 7 = 6.9, 1.7 Hz, 1 1^, 723 (dt, J= 
5 6.7. 1.3 Hz, 1 H), 6.91 (dd, / = 4.4, 1.3 Hz, 2 H), 6.62 (s, 2 H), 4.81 (t, 7= 5.0 Hz, 2 H), 
3.82 (t, /- 5.0 Hz, 2 1^, 2.38 (t, /» 7.6 Hz, 2 H), 328 (t, 7- 6.1 Hz, 2 H), 1.64 (m, 2 H) 
IR(KBr) 3418, 3100, 1698, 1595. 1531, 1094, 767 cm' 
HRMS (EQ calcd for C2i^2iN50 (M*) 347.1746. found 347.1747 

10 Exa]iq[>lB6 

l-[2-(3-Pyridia-2-ylim>po3^)eayl]-lH-imidazo[4,S^]qamo]m-4-ai^^ 




Part A 

Under a nitrogen atmosphere N,N-(bisbenzyloxycatbonyl)-l-[2-(2- 
15 propynyloxy)ethyl]-li/-imidazo[4,5-c]quinolin-4-aniine (2.5 g, 4.68 nunol), anhydrous 
acetonitrile (20 niL)» triethylamine (1.7 mL, 12.2 nunol), and 2-bromopyridine (0.5 inL, 
5.14 nunol) were CQmbined and the resulting homogeneous mixtuie was heated to 40^. 
Copper (I) iodide (0.036 g) and dichlorobis(triphfiny^hosphine)palladium(II) (0.066 g) 
were added. After 18.5 hours the reaction mixture was partitioned between ediyl acetate 
20 and aqueous sodium bicaibonate. The organic fraction was washed with brinci dried over 
magnesium sul&te and ften concentrated under reduced pressure. The residue was 
purified by coliunn chromatography eluting with 1/9 hexane/ethyl acetate to provide 0.9 g 
of a mixture of mono and di benzyloxycarbonyl protected l-{2-[(3-pyridin-2-ylprop-2- 
ynyl)oxylethyl}-l/f-imidazo[4,5<]quinolin-4-amine. 
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'H NMR (300 MHz, DMSOd6) 5 8.50-8.54 (m. 2 H), 8.44 (s, 11^, 8.12 (m. 1 H), 7.71- 
7.77 (m, 3 H), 7.34-7,39 (m, 1 H). 7.23-7.29 (m, 7 H), 7.14-7.17 (m, 4 H), 5.19 (s. 4 H), 
5.01 (t,7= 4.6 Hz, 2 H), 4.46 (s, 2 H). 4.10 (t. y= 4.8 Hz. 2 H) 
MS (CO for C36^feN50J m/z 612 (MH^, 568, 460 
5 PaitB 

Palladium hydroxide (0.776 g of 20% on caibon) was added to a solution of Ibe 
material firom Part A in medianoL The mixture was hydrogenated at 45 psi (3.2 Kg/cm^) 
for 2.5 hours. The reaction mixture was filtered to remove catalyst and die filter cake was 
tiiorou^y washed with medianol. The filtrate was concentrated under reduced pressure 

10 to provide a glassy solid, This material was triturated with diethyl ether and hexane 

containing a small amount of toluene. The resulting powder was isolated by filtration and 
dried at 78°C overnight in a vacuum oven. This material was further purified by column 
chromatography elufing with 9/1 dichloromefliane/methanol wifli a few drops of 
ammonium hydroxide to provide 25 mg of l-[2-(3-pyridin-2-ylpropoxy)eti3d]-lif- 

15 imidazo[4,5-c]quinbliii-4-amine as a solid, m.p. 138-140*C. 

Analysis. Calculated for CjoHziNjO'^Ows: %C. 68.43; %H, 6.15;^, 19.95. Found: 
%C, 68.47; %H, 5.95; %N, 19.63 

'H NMR (300 MHz. DMSCM6) 5 8.41 (d, 4.4 Hz, 1 H), 8.16 (s, 1 H), 8.10 (d. 7= 7.7 
Hz, 1 H), 7.63 (d, y- 8.4 Hz. 1 H), 7.54 (dt,/- 9.7. 1.7 Hz, 1 H), 7.43 (t. 7= 7.3 Hz, 1 
20 H), 724 (t, 7= 7.5 Hz. 1 H). 7.13 (t, 7= 5.5 Hz, 1 H), 6.93 (d, 7= 7.6 Hz, 1 H). 6.59 (s, 2 
H), 4.T7 (t. /= 5.1 Hz. 2 H), 3.82 (t. J= 5.5 Hz. 2 H). 3.34 (t, 7= 6.3 Hz, 2 H). 2.57 (1,7= 
7.3 Hz, 2 H), 1.75 (m, 2 H) 

IR(KBr) 3361, 3302, 3188, 1638, 1526, 1119.751 cm"' 

HRMS (EO calcd for CioHjiNjO (M*) 347.1746, found 347.1747. 
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Example 7 



10 



15 



20 



l-{2-[3-(13.Thia2ol-2-yl)propoxy]c%l}-lH-imida2»[4,5-c]quinolm-4^ 



Under a nitrogen atmosphere NJ^I-(Bi8benzyloxycaibonyl)-l-[2^2- 
propynyloxy)ethyl]-lH-imidazo[4,5-c]qumolin'4-amine (3.25 g, 6.08 mmol), anhydrous 
N J*l-dimetfaylfoimamide (15 mL)» triethylamine (,22 mL, 15 .8 mmol) and 2- 
bromotfiiazole (0.6 mL, 6.69 mmoi) were combined and heated to 80°C. Copper (I) iodide 
(0.046 g) and dichlorobis(triphenylphosphine)palladium (II) (0.085 g) were added After 
2 hours the reaction was stopped and the solvent was removed. The crude product was 
purified by column chromatography eluting with 8^2 ethyl acetate/hexane to provide ~2 g 
of a mixture of mono and di benzyloxycaibonyl protected l-(2-{[3-(l,3-thiazol-2-yl)prop- 
2*ynyl]oxy}ethyI)*lH-iniidazo[4»5-«]quinolin-4-aniine. 



'H NMR (300 MHz. DMS0-d6) 5 8.47-8.50 (m, 1 H). 8.44 (s. 1 H), 8,1 1 (m, 1 H), 7.89 
(d. /= 3.2 Hz. 1 H), 7.85 (d, /= 3.3 Hz, 1 H), 7.3 1-7.77 (m. 2 H), 7.23-7.28 (m. 6 H). 
7.14-7.17 (m, 4 H), 5.20 (s, 4 H), 5.00 (t, J= 5.0 Hz, 2 H). 4.52 (s. 2 H), 4.09 (t, J « 5.5 
Hz,2H) 

MS (CI) for C24H27N5O5S in/z 618 (MEO. 475. 466 



Palladium hydroxide (~2 g of 20% on carbon) was added to a solution of die 
material fix)m Part A in metiianol. The mixture was hydrogenated at 45 psi (32 Kg/cm^) 
for 3 hours. More catalyst (0.3 g) was added twice and the hydrogenation was continued 
for a total of ~25 hours. The reaction mixture was filtered to remove the catalyst The 
filtrate was concentrated under reduced pressure to provide 1.3 g of mono 
benzyloxycaibonyl protected l-{2-[3'<l,3-thiazol-2-yl)propoxy]ethyl}-l/f-imida2o[4,5- 




Part A 
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c]quinolm-4-amiiie. This material was combined with mctfianol (5 mL) and sodium 
methoxide (25 mL f 25% in mettianol). The resulting mixture was stirred for 3 days. 
The reaction mixture was concentrated under reduced pressure and then purified by 
column chromatogcaphy. The resulting material was triturated with diethyl ether and dried 
5 to provide 028 g of l-{2-[3-(l,3-tiuazol-2-yl)propoxy]ethyl}-lJf-imidazo[4^-c]quinoU^^ 
4-amine as a solid, m.p. 134-135°C. 

Analysis. Calculated for CiaHwNsOS: %C, 61.17; %H. 5.42; %N, 19.81. Found: %C, 
6U0;%H,5.23;N,%19.51 

*H NMR (300 MHz, DMS0-d6) 5 8.16 (s, 1 H). 8.10 (d, J= 8.4 Hz, 1 H), 7.63 (m, 2 H), 
10 7.51 (d,y= 3.3 Hz, 1 H). 7.43 (t, J= 7.1 Hz, 1 H), 723 (t,/= 8.0 Hz, 1 H), 6.58 (s, 2 H), 
4.79 (t, y = 4.7 Hz, 2 H), 3.84 (t. y = 4.8 Hz, 2 H), 3.4 (t, J= 6.0 Hz, 2 H), 2.86 (t, 7= 7.8 
Hz,2H),1.83(m,2H) 

IR(KBr) 3458,3358,3295,3191, 1640, 1538, 1121. 752 cm'^ 
HRMS (EI) calcd for daH^NsOS (M*) 353.1310, found 353,1308, 

15 

Example 8 

142<3-Pyridin-3-ylpn>poxy)e%l]-li/-imidazo[4,5-c]quinolin-4-ami^ 
Bis(tri£luon>acetate) 




20 PartA 

Under a nitrogen atmosphere N,N-(bis teft-butyoxycabonyl)-l-[2-(2- 
propynyIoxy)e&yl]-l/r-iinida2o[4,5-c]quinolin-4-amine (1-75 g, 3.75 mmol), 3- 
iodopyridine (0.85 g, 4.13 mmol), triethylamine (1.4 mL) and acetonitrile (15 mL) were 
combined and then heated to 60**C. Copper (I) iodide (0.03 g, 0.15 mmol) and 
25 dichlorobis(triphenylphosphine)palladium (II) (0.05 g, 0.075 mmol) were added. The 
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reaction was complete after 30 minutes. The solvents were removed under reduced 
pressure. The crude product was purified by column chromatography (silica gel eluting 
first vnUi dichloromethane and fiien with 98/2 dichloromelhane/medianol) to provide 126 
g of a mixture of di-BCX; protected and unprotected l-{2-[(3-pyridtn-3-ylprop-2- 

5 ynyl)oxy]ethyl}-li7-inudazo[4,S-c]q^iinolin-4-amine. 

NMR (300 MHz, DMS0-d6) 8 8.54 (bs, 1 H), 8,44-8.48 (m. 2 H), 8.4 (s, 1 H), 8.06 
(m. 1 H), 7.69-7,73 (m, 2 H), 7.54 (d. 7= 7.6 Hz. 1 H), 735 (m, 1 H), 4.99 (t,y = 4.8 Hz, 
2 H), 4.40 (s. 2 H), 4.09 (t, 5.0 Hz, 2 H), 1.3 1 (s, 1 8 H), 
MS (CI) for C30H33N5O5 m/z 544 (MH*), 444, 344 

10 Parts 

A solution of ^e material from Part A in methanol was combined with catalyst 
(0.7 g of 10% palladium on carbon) and the mixture was faydrogenated at 45 psi (3.2 
Kgi^cm^) for 2 hours. The catalyst was removed by filtration and the filtrate was 
concentrated under reduced pressure to provide 0.67 g of a mixture of di-BOC protected 

15 and unprotected l-[2-(3-pyridin-3-ylpropbxy)ethyl]-lir-imidazo[4,5-^]quinolin-4-anune, 
*H NMR (300 MHz. DMS0-d6) 8 8.50 (d, 7- 73 Hz, 1 H), 8.39-8.486 (m. 2 H), 8.29 (s, 
1 H), 8.07 (d, 7= 8.4 Hz, 1 H). 7.71-7.75 (m. 2 H), 7.46 (d, 7« 8.5 Hz, 1 H), 7.31 (m, 1 
H), 454 (t, 7= 4.6 Hz, 2 H), 3.88 (t, 7» 5.0 Hz, 2 1^, 3.32 (t, 7« 5.9 Hz, 2 H), 238 (t, 7= 
7.5 Hz. 2 H), 1.63 (m, 2 H), 130 (s, 18 H), 

20 MS (CI) for C30H37N5O5 m/z 548 (MH^, 448, 348 
Parte 

Under a nitrogen atmo^here the material fiom Part B was combined with 
anhydrous dichloromethane (5 .mL) and trifiuoroacetic acid (5 nuL). The reaction mixture 
was stirred at ambient ten:q)erature for 1 hr. The solvents were removed under reduced 
25 pressure. The residue was triturated wiih diethyl ether, isolated by filtration and then dried 
in a vacuum oven to provide a tan solid. This material was recrystallized first fium 
isopropyl alcohol and then fiiom dicbloromethane^ethanol to provide 0.40 g of 1 -[2-(3- 
pyridin-3-ylpropoxy)ethyl]-l/f-imidazo[4,5-c]quinolin-4-amine bis(trifluon)acetate), m.p. 
134-136^. 

30 Analysis. Calculated for C2oH2iN50«(CiHF30z)2KH20)i/2: %C, 50.08; %H, 423; %N, 
12,03. Found: %C, 49.87; %H, 3.82; %N, 12.16 
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'H NMR (300 MHz. DMSCM16) 5 9.00-9.25 (bs. 2 H). 8.50 (s. 2 H). 837 (d, 7= 7.7 Hz, 1 
H). 7.82 (d. J» 7,4 Hz, 1 H), 7.73-7.75 (m, 2 H), 7.55-7.58 (m. 2 H), 4,90 (t. 7= 4.9 Hz, 2 
H). 3.86 (t, /= 4.8 Hz, 2 H), 3.35 (t, J= 6.1 Hz, 2 H), 2.49 (t. /» 7,0 Hz, 2 H), 1.67 (m. 2 
H) 

5 IR(KBr) 3421,3212,2885,1699,1199.1120,720cm-* 

HRMS (EI) calcd for CzoHziNsO (M*) 347.1746, found 347.1743. 

Example 9 

l-[2-(3-Pyriimdm-5-ylpropoxy)etiiyl]-ljff-imi^^ 




Part A 

Using the general method of Example 8 Part A, except that the reaction 
temperature was raised to 80"C, N,N-{bis rert-butyoxycabonyl)-l-[2-(2- 
propynyloxy)ethyl]-li/-imidazo[4,5-c]quinolm-4-aimne (2.5 g. 5.36 mmol) was coupled 
1 5 with 5-bromopyrimidine (0.94 g, 5,89mmol) to provide 1 .59 g of NJ^-(bis tert- 
butoxycaibonyl)-l'{2-[(3-pyrimidin-5-ylpr6p-2-ynyl)oxy]ethyl^ 
c]quinolin-4-amine, 

*H NMR (300 MHz, DMS0-d6) 5 9.19 (s, 1 H), 8.64 (s, 2 H), 8.44-8.47 (m, 1 H), 8.40 (s, 
1 H). 8.02-8.06 (m. 1 H), 7.68-7.72 (m. 2 H). 4.99 (t, 7- 5.0 Hz, 2 H), 4.43 (s. 2 H), 4.10 
20 (t,y«5.2Hz,2H). 1.32(8, 18 H) 

MS (CI) for C29H32Nrf)5 m/z 545 (MH*), 445, 345 
PaitB 

A methanol solution of the material ftom Part A was combined with catalyst ( 5% 
platinum on caibon. palladium hydroxide and 10% palladium on carbon were used in 
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succession) and hydrogenated to provide 0.60 g of N,N-(bis lert-butoxycaibonyl>l.[2-(3- 
pyrimidin-5-ylpropoxy)etfayl]-lH-iinidazo[4,5-c]quinolin-4-anune. 
*HNMR(300 MHz, DMSOd6) 5 8.98 (s, 1 H). 8.48-8.52 (m, 1 H), 8.45 (s, 2 H), 8.40 (s, 
1 H), 8.06-8.09 (m, 1 H), 7.70-7.74 (m, 2 H), 4.94 (t, /= 5,1 Hz. 2 H). 3.89 ft 7= 5.0 Hz. 
5 2 H), 3 J4 (m, 2 H), 2 J4 ft y= 7.3 Hz, 2 H), 1.64 (m, 2 H), 1.29 (s, 18 H) 
MS (CI) for C29H36N60s m/z 549 (MH*), 449, 349 
Parte 

Using the general metbod of Example 8 Pait C, ffae material fixnn Part B was 
hydrolyzed to provide 0.14 g of l-[2-(3-pyrimidin-5-ylpiopoxy)e%l]-lii^imidazo[4^^^ 
10 c]quixu)]in-4-azninB, m.p. 159-161^. 

Analysis. Calculated for Ci5H2oN60«(C2HF302)i/io»(H20)i/4: %C. 63^7; %H. 5.70; %N, 
23.06. Found: %C, 63.47; %H, 5.35; %N, 22.88 

*H NMR (300 MHz, DMS0-d6) 5 8.98 (s, 1 H), 8.48 (s. 2 H), 8.19 (s, 1 H), 8.15 (d, 
8.0 Hz, 1 H), 7.63 (d, 7= 8.6 Hz, 1 H), 7.46 (t, 7= 6.0 Hz, 1 H), 7.28 (t, J= 8.4 Hz. 1 H), 
15 6.79 (8. 2 H), 4.81 (t, 7= 4.8 Hz, 2 H), 3.84 ft 7 « 5.1 Hz, 2 H), 3.35 (t, 7- 6.0 Hz, 2 H), 
2.43 (t,7= 7.4 Hz, 2 H). 1.69 (m, 2 
IR(KBr) 3310, 3132. 1647, 1582, 1531, 1403, 1117 cm'^ 
HRMS (EI) calcd for Ci9H2oN«0 (M*) 348.1699, found 348.1695 
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Example 10 

l-{2-l(l-Ben2yl-l/f-lA3-tria2ol-4-yl)metho3^]ethyl}-lH-iinidazo(4,5H:]q^ 

amine bydiochloride 

amine hydrochloride 





PaitA 

N^-(BisbenzyloxycaiboivI)-H2^2-propynyloxy)eM]-l^-™idazo^ 
10 clquinolin-4-amiiie (1.5 g. 2.81 mmol). anhydrous tohiene (30 mL) and benzyl azide (1.3 
mL, 9.12 mmol) wete combined and heated in an oil bath at 100^ for 28 hours. The 
reaction mixtine was concentrated under reduced pressure to provide crude product as a 
brown oil. 
PartB 

15 Sodium methoxide (2.19 mL of 25% m methanol, 9.52 mmol) was added to a 

mixture of the material fiom Part A and methanol (20 mL). The reaction mixture was 
allowed to stir at ambient tnnperature overnight and flien it was concentrated under 
reduced pressure to provide a da* oU. The oU was purified by column chromatography 
eluting with 5% methanol in dicWoromethane to provide a light yeUow oil. The oU was 

20 treated with 1.0 M hydrogen chloride to provide a pink soUd. This solid was recrystallized 
twice fiom acetonitrik and the resulting product was dried in a vacuum oven at iO'K: for 2 
hours to provide 0.12 g of a mixture of flie tegjo isomers of the desired product le. a 
mixture contaming bofli l.{2-[(l-benzyl-l/r-l A3-tria2ol-4-yl)methoxy]ethyl}-l/f- 
iniidazoI4.5-clquinoline-4-amine hydrochloride and l-{2-[(l-benzyH/f-U,3-triazol-5- 
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yl)in thoxy]ethyl}-l/f-iimdazo[4,S-c]quinolme-4-amine hydzocbloride, as a light pick 
cxystallioe solid, m.p. 209-21 1'C. 

Analysis: Calculated for CaHiiNTO - 0^51 HCl • 0.615 KbO: %C, 59.35; %H, 5.25; %N, 
22.02; Found: %C. 59.46; %H. 5.16; %N, 22.05. 
5 ^H-NMR (300 MHz. DMS0-d6) 6 9.00 (br s, 2 H), 8.46 (s. 1 H), 8.28 (d, J=7,8 Hz, 1 H), 
7.98 (s, 1 H), 7.83 (br d, J=7.8 Hz. 1 H), 7.71 (br t, J=7.8 tte, 1 H), 7.50 (br t. J-7.7 Hz, 1 
H) 7.20-7.40 (m, 5 H), 5.52 (s, 1.88 H), 5.39 (s, 0.12 H), 4.88 (t, J«4.9 Hz, 2 H), 4.52 (s, 2 
H), 3.95 (t, J=4.9 Hz. 1.88 H), 3.87 (t, J«5.1 Hz, 0.12 H) 
IR(KBt) 3152, 2638, 1672, 1605, 1126 cm-' 
10 HRNfS ^ calcd for C22H21N7O (M^ 399.1808. found 399.1802. 

Example 1 1 

l-[2<{l-[(Phenylsulfmyl)metiiyl]4/r-i;i,3-triazol-4-yl}metho^ 

c]quinoline-4-amine . 
15 l-[2-<{l.[(Phenylsulfanyl)mcthyl]4if-l,2,3-triazol-5-yl}^ 

c]quinoline-4-amine 




20 

PartA 

Under a nitrogen atmosphere, anhydrous toluene (20 mL), N.N-(bis tert- 
butoxycaibonyl)-l-[2-(2-propynyloxy)etbyl]-lif-imidazo[4,5-clquinoli^ (1.0 g, 

2.1 mmol) and azidomelhyl phexrylsulfide (0.61 mL. 4.3 mmol) were combined and heated 
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at reflux for 72 hours. The reaction mixture was allowed to cool to ambient temperature 
andthenit was concentrated under reduced pressure to provide, a brown oiL Thismaterial 
was purified by colunm chromatography eluting with 80/20 ethyl acetate/hexane to 
provide 0.95 gofproductasaclearoiL 
5 MS (CI) for C32H37N7O5S m/z 632 (MH+), 532, 458. 432 
PartB 

A solution of the material from Part A in anhydrous dicUoromethane (15 mL) was 
added to a mixture of trifluoroacetic acid (7.4 mL) and anhydrous dichloromethane (6 mL) 
which had been chilled to O^C. The reaction mixture was kept in an ice bath for 2 hours 

10 and then allowed to warm to ambient temperature. After 6 hours die reaction mixture was 
washed with 20% sodium hydroxide. The aqueous fraction was extracted with 
dichloromethane. The organic fractions were combined, washed with water, dried over 
magnesium sulfote, filtered and then concentrated under reduced pressure to provide a 
green oil. The oil was purified by column chromatography eluting with 5% meAanol in 

15 dichloromethane to provide a green crystalline solid. This material was recrystallized 

from isopropanol to provide 0.12 g of a xzuxture of the regio isomers of the desired product 
Le. a mixture containing boA l-[2<{14(phcnylsulfimyl)methyl]-l/f-i;i3-triazoI-4- 
yl}methoxy)ediyl]-lfrimida2»[4,5-c]quinoline-4-amine and l-[2-({l- 
[^hcnyIsulfenyl)me%I]-l/f4,2,3-ttiazol-5-yl}me1hoxy)e%l]-lJf^ 

20 c]quinoline-4-ainiiie, as an off-white solid, m.p. 1 82-1 84^C. 

Analysis: Calculated for C22H21N7OS: %C, 61.24; %H, 4.91; %N, 22.72; Found: %C, 
60.94; %H, 4.94; %N, 22.38. 

'H-NMR (300 MHz, DMSO-46) 5 8,00-8.20 (m, 2 H), 7.87 (s, 0.8 H), 7.60-7.65 (m, 1 H), 
7.52 (s, 0.2 H), 7.40-7.50 (m, 1 H), 7.20-7.40 (m, 6 H), 6.65 (s, 2 H). 5.87 (s, 1.6 H), 5.65 
25 (s, 0.4 H), 4.83 (br t, J=4;6 Hz, 0.4 H), 4.78 (br t, J=4.9 Hz, 1.6 H), 4.49 (s. 1.6 H), 4.42 (s, 
0.4 H), 3.80-3.90 (m.2H) 
IR (KBr) 3322, 3205, 1643, 1527, 1095 cm'* 
HRMS (EI) calcd for CaHziNTOS (M*) 431.1528, found 431.1522. 
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Example 12 

l-[2-(Benzo[b]furan-2-ylni tiioxy)ethyl]-lif-iiiiida2o[4,5H:]qumolin-4-aiiiine 




PaitA 

5 Benzyltrimetbylammomum chloride (0.436 g) and pzopaigyl bromide (6.07 mL of 

80%) were added with stiiring to a mixtuie of dichlorometbane (1 85 mL) and aqueous 
sodium hydroxide (60 mL of 50%). 2-(l/f-Imidazo[4,5-c]quinoliii-l-yI)edianol (10.0 g, 
46.9 mmol) was added to die resulting solution. The reaction mixture was stirred at 
ambient temperature for 2 1 hours at which time analysis fay HPLC showed ttat starting 

10 material remained. An additionidequivdentofpropargyl bromide was added and the 

reaction mixture was stirred for an additional 46 hours. Water was added to ttie reaction 
mixture and the layers were separated. The aqueous firaction was extracted with 
dicbloromethane. The organic fractions were combined, washed with water and with 
brine, dried over magnesium sulfate and then concentrated under reduced pressure to 

IS provide a dark brown solid This material was purified by flash chromatography (silica 
gel eluting with 5% methanol in dicbloromethane) to provide 7.0 g of l-[2- 
propynyloxy)etiiyl]-l/f-iinidazo[4,5-<:]quinoline as a brownish solid. 
PartB 

Under a nitrogen atmosphere, l-[2-(propynyloxy)etiiyl]-l/r-imidazo[4»5- 
20 c]quino]ine (1.0 g, 4.21 nomol), triefhyhmiine (1 .53 mL, 10.96 mmol) and anhydrous 

acetonitrile (20 mL) were combined and then heated to 6(fC. 2-Iodophenol (1.02 g, 4.63 
mmol), copper Q) iodide (0.08 g) and dichlorobis(triphenyIphospl]ine)palladium(n) (0.148 
g) were added. After 4 hours analysis by TLC (5% metiianol in dichloromediane) 
indicated that tiie reaction was complete. The reaction mixture was filtered through a 
25 layer of Ceiite® filter aid to remove the catalysts. The filtrate was concentrated under 
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leduced piessure to provide an oil. This material was puxified by flash chromatography 
(silica gel eluting with 3% methanol in dichloiometfaane) to provide 0.91 g of l-[2- 
(benzo[b]£uian-2-yhnethoxy)e%l]-l/f-imidazo[4,5-c]quinol^ as a yellow oil. 
Parte 

S 3-CUoioperoxybenzoic acid (0.65 g) was added in portions over a period of 5 

minutes to a solution of the material from Part B in chloroform (15 mL). The progress of 
die reaction was monitored by TLC. More 3-chloroperoxybenzoic acid (2 X 0.2 g) was 
added. After 1 .5 hr tiie reaction mixture was washed twice with aqueous sodium 
bicarbonate, back extracted with chloroform, washed with brine and then concentrated 

10 under reduced pressure to provide 1 -[2-(ben2o[b]furan-2-yhne1hoxy)ethyl]-lff- 

imida2o[4,5-c]quinoline-5N-oxide. The material was stored under nitrogen at a reduced 

temperature over tb& weekend. 

PartD 

Under a nitrogen atmosphere, trichloroacetyl vsocyinsitc (0.60 g, 3.18 mmol) was 
15 slowly added via a syririge to a solution oftheNK}xidefirom Parte in dichlorom^ 

(15 mL). The volatiles were removed under reduced pressure to provide 2,2>trichloro- 
{142'<benzo[b]furan-2-yhnethoxy)ethyl]4H-imidazo[4,5sJl^ ^ ^ 

tan solid. This material was dissolved in methanol (15 mL). Sodium meAoxide (2.04 mL, 
9.01 mmol) was added and the resulting solution was allowed to stir for 48 hours. A white 
20 precipitate was isolated by filtration and then recrystallized fiom acetonitrile to provide 

022 g of l.[2-(ben2oI>]furan-2-yhnethoxy)ethyl]-L?f-imidazo[^ as 
off-white needles, m.p. 201-203^*0. 

Analysis: Calculated for C21H18N4Q2: %C, 7038; %H, 5.06; %N. 15.63; Found: %C, 
70.36; %H, 4.80; %N 15.51. 
25 'H-NMR (300 MHz, DMS0^6) 5 8.16 (s, IH), 8.06 (d. 7= 7.8 Hz, IH), 7.49-7.62 (m, 
3H), 7.42 (m, IH), 7.16-7.3 1 (m, 3H), 6.76 (s, IH). 6.58 (br s, 2H). 4.83 (t. / = 5.4 Hz, 
2H), 4.61 (s, 2H), 3.97 (t. J= 5.1 Hz, 2H) 
IR (KBr) 3455, 3069, 1583. 1530. 1397, 1254. 1088 
HRMS P) calcd for C21H18N4Q2 (M*) 358.1430, found 358.1428. 
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Example 13 

l-[2-(PyridinO-ylmethoxy)ethy^l/f-i]iudazo[4,5-c]qu^ 




PartA 

5 Under a nitrogen atmosphere, sodium hydride (1 6.88 g of 60% in mineial oil, 422 

mmol) was added in portions to a solution of 2-(lH-imidazo[4,5-c]quinolin-l-yl)ethanol 
(60.0 g, 281 mmol) in anhydrous N,N-dimeftKylformamide (600 mL). The alkoxide was 
allowed to stir.for about 1 .5 houis. Benzyl bromide (502 mL, 422 mmol) was slowly 
added over a period of about 30 minutes. The reaction mixture was alio wed to stir at 

10 ambient temperature ovemi^t Solvent was removed under reduced pressure. The 

residue was taken up in ethyl acetate, washed several times with water, washed with brine, 
dried over magnesium sulfate and then concentrated under reduced pressure to provide 1- 
[2-(benzyloxy)cthyl]-l/f-iniidazo[4,5-c]qiiinoline as a dark oil. 

'H-NMR (300 MHz, DMS0-d6) 5 922 (s, IH), 8.42 (s, IH), 8.40 (s, IH), 8.17 (m, IH), 
15 7.69 (m, 2H), 7.10-722 (m, 5H), 4.95 (t, J= 5,1 Hz, 2H), 4.45 (s, 3.93 (t, 5.1 Hz, 
2H) 

MS (CI) for C19H17N3O m/z 304 (MB!^, 214 
PartB 

3-Chloroperoxybenzoic acid (69.36 g of 77% maximum) was added in portions 
20 over a period of 15 minutes to a solution of l-[2-(benzyloxy)efliyl]-l/r-imidazo[4,S- 

cjquinohne (85.36 g, 281 mmol) in chlorofonn (800 mL). After 1 hour analysis by TLC 
(10% medumol in dichloromethane) showed that (he reaction was complete. The reaction 
mixture was washed wifli saturated sodium bicarbonate (twice), washed with brine, dried 
over magnesium sulfate and dien concentrated under reduced pressure to provide a solid. 
25 The solid was slurried with die&yl ether and then isolated by JSltration to provide l-[2- 
(benzyloxy)ethyl]-Iif-imidazo[4,5-c]quinoline-5N-oxide as a dark yellow solid. 
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Parte 

Phosphorous oxychloride (12.84 mL, 138 mmol) was slowly added to a mixture of 
l-[2<benzyloxy)e%l]-lH-imidazo[4,5-clquinolnie-5N-oxide (40.0 g, 125 mmol) and 
anhydrous toluene (600 mL). The reaction mixture was allowed to stir for about 30 

5 minutes and then the volatiles were removed under reduced pressure. The resulting red oil 
was dissolved in dichloromethane» washed twice with saturated sodium bicaxbouate, and 
dien concentrated under reduced pressure. An attempt to recxystallize the residue fiom 
e&yl acetate resulted in a gum. The material was taken up in ediyl acetate (500 mL) and 
. ttien combined with trielhylamine (2534 g, 250 mmol). The solution was chilled in an ice 

10 bath and the precipitate was isolated by filtration. The material changed back into an oil 
shortly after filtration. The oil was taken up in dichlorometfaane, combined with the 
filtrate and then concentrated under reduced pressure to provide an oiL This material was 
partitioned between dichloiomefliane and 15% sodium hydroxide. The organic fraction 
was washed with brine, dried over magnesium sulfiite and then concentrated under 

15 reduced pressure to provide an oil. This oil was further purified by flash chromatography 
(silica gel eluting fiist with dichloromeftane, then witfi 2% methanol in dichloromefliane 
and ttien with 5% methanol m dichlorometfiane) to provide -21 g of l-[2- 
(ben2yloxy)ethyl]-4-chloro-lH-imida2o[4,5-c]quinoline. 

'H-NMR (300 MHz, DMSO^fi) 8 8.47 (s, IH), 8,42 (d4 J= 8.3, 1.5 Hz, IH), 8.08 (dd, / 
20 = 8.3, 1.5 Hz, IH), 7.72 (m, 2H), 7.04-7.17 (m. 5H), 4.96 (t, J= 5.1 Hz, 2H). 4.44 (s, 2H), 
3.92(t,/=5.1Hz,2H) 

MS (CI) for C19H16CIN3O m/z 338 (MH*). 309, 248, 214 
PartD 

Phenol (6.21 g, 66 mmol) was added in portions to a chilled suspension of sodium 
25 hydride (2.79 g of 60% in mineral oil, 69.7 mmol) in diglyme (25 mL). When bubbling 
had subsided, a solution of die material from Part C in diglyme (10 mL) was added in a 
single portion. The resulting solution was heated to 1 10°C and stirred ovemi^t Analyas 
by TLC (3% methanol m dichloromediane) indicated that the reaction was complete. The 
solution was cooled to 0*D and a brown precipitate fomed. The diglyme was decanted 
30 off. The solid was slurried with hexanc and then isolated by filtration. The solid was flien 
shimed with water, isolated by filtration and dried in an oven overnight The solid was 
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leciystallized from isopropanol to provide 19.3 g of l-[2-(ben2yloxy)ethyl]-4-phen xy- 
l/f-imidazo[4,S-c]quinolme as a solid. 

^H-NMR (300 MHz, DMSO-d6) 5 8.39 (s, IH), 8,32 (dd, / = 8.3, 1.5 Hz, IH). 7.69 (dd, J 
= 8 J, IJS Hz, IH), 7.46-7.59 (m, 4H), 7.12«7.33 (m, 8H). 4.93 (t, / = 5.1 Hz, 2H), 4.47 (s, 
5 2H),3.94(t./«5.1Hz,2H) 

MS (CI) for C2sI^iN302 miz 396 (MH^> 306, 288 
PaitE 

Under a nitrogen atmosphere, trifiic acid (29.0 g) was added dropwise to a solution 
of l-[2-{benzyloxy)e1fayl]^pheQO«y^Lfir-iniidazo[4,5-c]qi^^ (7.65 g) in anhydrous 

10 dichloromethane (200 mL). Whm analysis by TLC (5% methanol in dichloromethane) 
indicated that the reaction was complete, die reaction mixture was concentrated under 
reduced pressure to provide an oil. This material was dissolved in ethyl acetate and dien 
combined with triethylamine (10 eq.). The solution was diluted with additional ethyl 
acetate, washed widi water, washed with brine, dried over magnesium sulfate and then 

15 concentrated under reduced pressure. The residue was recrystallized from ethyl acetate to 
provide ^.8 g of 2-(4-phenoxy'lif-imidazo[4,5-c]quinolin-l-yl)ethanol as a white flufiy 
soUd. 

*H.NMR (300 MHz. DMSO-d6) 8 8.34 (m, IH), 8.32 (m, IH), 7.70 (m, IH), 7.46-7.60 
(m. 4H), 7.25-7.31 (m. 3H), 5.06 (t, / « 5.4 Hz, IH), 4.76 (t, 5.4 Hz, 2H), 3.90 (q, 7- 
20 5.4Hz,2H) 
PartF 

3-(Bromomeffayl)pyridine hydrobtomide (0.638 g, 2.52 mmoQ was added in a 
single portion with stirring to a solution containing 2-(4-phenoxy-l/r-imidazo[4,5- 
c]quinolin-l-yl)ethanol (0.7 g, 2.29 nomol), benzyltrimethylammonium chloride (-0.03 g), 

25 sodium hydroxide (28 mL of 50%) and dichloromethane (28 mL). After 3 hours analysis 
by TLC (5% methanol in dichloromethane) indicated that the reaction was complete. The 
reaction mixture was diluted with water (100 mL) and dichloromethane (100 mL). The 
layers were separated and tiie aqueous fraction was extracted with dichloromethane (100 
mL). The organic fractions were combined, washed with brine, dried over magnesium 

30 sulfate and then concentrated under reduced pressure to provide a dark yeUow solid. This 
material was purified by flash cfaromatography (silica gel eluting widi 5% methanol in 
dichloromethane) to provide 0.74 g of 
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4^hen xy-l-[2-(pyridm-3-ylmethoxy)e%l]-l/r-iniidazo[4,^ as a bright 

yellow solid. 

'H-NMR (300 MHz, DMS0k16) 8.42 (dd. /= 4.9. 2.0 Hz. IH), 8.38 (s, 2H), 8 J3 (dd. 
8.3, 1.5 Hz. IH), 7.70 (dd. J= 8.3, 2.0 Hz, IH). 7.46-7.59 (m. 5H). 7.22-7.33 (m. 4H), 
5 4.96 (t, 7= 4.9 Hz, 2H). 4.52 (s, 2H), 3.98 (t. 7 « 4.9 Hz. 2H) 
MS (d) for C24H20N4O2 m/z 397 (MH*), 306, 288, 212, 110 
PartG 

4-Phenoxy-l-[2-(pyridm-3-ylme1iioxy)ethyl]-l/f-iinidaz^ (0.67 g, 

1.69 mmol) and ammoniuin acetate (1.30 g, 16.9 mmol) were combined and heated to 

10 ISO'C. After 5 hours analysis by TLC (10% methanol in dichlorometfaane) showed 

starting material. More ammonium acetate (5 g) was added. After 1 hour TLC indicated 
tiiat the reaction was complete. The reaction mixture was allowed to cool to ambient 
temperature overnight The resulting brown oil was combined with water (100 mL) and 
made basic (pH 9) widi sodium bicarbonate. The product was extracted into 

15 dichloromethane (2 X 100 mL). The extracts were combmed, washed wifli brine, dried 
over magnesium sul&te and then concentrated under reduced pressure to provide an off- 
white gummy solid. This material was purified by flash chromatography (silica gel 
elutingwith 10% methanol in dichlorometfaane) to provide 0.40 g of a gunmiy white solid. 
This material was dissolved in methanol (10 mL). Hydrogen chloride/diethyl ether (5 eq) 

20 wasaddeddropwiseandtfaemixturewasallowedtostirfor 1 hour. Theresuhing 

precipitate was isolated by filtration, rinsed with diethyl ether and dried in a vacuum oven 
to provide 0.358 g of l.[2-(pyridiQ-3-yhnethoxy)ctbyl]-lH-imidazo[4,5-c]quinolin-4- 
amine hydrochloride as a light yellow solid, m.p. 229-23 1"C. 
Analysis: Calculatisd for C18H17N5O • 2.75 HCI • 0.4 HjO: %C, 50.62; %H, 4.85; %N, 

25 16.40; Found: %C, 50.44; %H, 4.96; %N, 16.19. 

'H-NMR (300 MHz, DMS0-d6) 8 8.78 (d, 7 = 5.4 Hz, 11^. 8.71 (s. IH), 8.56 (s, IH). 
8 J4 (d, 7= 8.3 Hz, IH). 8.26 (d, 7 = 7.8 Hz, IH), 7.90 (dd, /- 7.8. 5.9 Hz, iH), 7.84 (d, J 
= 8.3 Hz. IH). 7.72 (t. 7.8 Hz. IH), 7.54 (t, 7 = 7.8 Hz, IH), 4.98 (t, 7 = 4.9 Hz. 2H), 
4.69 (s, 2H). 4.04 (t. 7= 4.9 Hz, 2H) 

30 MS (CI) for C|gHnN$0 • HCl(ii«) • HiO(W) m/z 321 04H*), 229. 
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Example 14 

l-[2-(Pyridin-2-ylmethoxy)ethyl]-l/f-inuda2o[4,5-c]qu^ 




5 PartA 

Using &e general method of Exan^le 13 PaitF, 2-(4-phenoxy-l/f-tmidazo[4,5- 
c]qumolm-l-yl)e1faanol (0.9 g, 2.95 minol) was reacted wi& 2-picolyl chloride hydrogen 
chloride (0.53 g, 324 mmoV) and the product purified to provide 0.65 g of 4-phenoxy-l- 
[2-(pyridm-2-ylme1faoxy)etfayl]-lJ7-jmida2o[4,5-c]quiiio 
10 *H-NMR (300 MIfe, DMSO-d<5) 8.41 (m, 2H), 8.34 (dd, 7= 8.3, 1.5 Hz, IH), 7.70 (dd. J 
« 8.3, 1.5 Hz, 2H), 7.46-7.66 (m, 5H). 7.18-7.33 (m. 4H5, 7.30 (d. 7.8 Hz, IE). 4.98 (t, 
7=4.9 Hz. 2H), 4.55 (s, 2H), 4.04 (t, J- 4.9 Hz, 2H) 
PaitB 

The material from Part A and ammonium acetate were combined and heated to 
15 1 50"C. After 5 hours analysis by TLC (10% methanol in dichloromethane) indicated that 
the reaction was complete. Ibe reaction mixture was allowed to cool to ambient 
temperature, then it was combined widi water (100 mL) and made basic (pH 9) with 
sodium bicaibonate. The resulting white precipitate was isolated by filtration and then 
slurried wilfa diethyl ether. The resultmg white solid was isolated by filtration and then 
20 recryst&llized fiom acetonitrile to provide 0.18 g of l-[2-(pyrid]n-2-ylme1ho37)ethyI>l/f- 
imidazo[4,5-c]quinolin-4-anune as a white solid, m.p. 196-198*^]. 
Analysis: Calculated for C18H17N5O: %C, 67.70; %H, 5.37; %N, 21 .93; Found: %C, 
67.86; m 5.31; %N, 22,13. 

'H-NMR (300 MHz, DMS<>d6) 5 8.43 (d. 7= 4.9 Hz, 2H), 8J20 (s, IH), 8.09 (d, 7= 6.8 
25 Hz, IH), 7,63 (dt, 7« 8.3. 1.5 Hz, 2H), 7.43 (dt, 7= 83, 1.5 Hz, IH), 7.19-7 J4 (m, 2H), 
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7.12 (d, y =7.8 Hz, IH). 6.53 (br s. 2H), 4.87 (t, 7= 5.1 Hz, 2H), 4.54 (s. 2H). 3.99 (t, / = 
5.1HZ.2H) 

MS (CI) for C igHnNjO miz 320 (MH*), 229, 21 1 . 

Example IS 
l-[2-<Pyridin-4-ylme1hoxy)c1hyI]-lif-imid^ 




PartA 

10 Using die general melbod of Example 13 Fait F, 2-(4-phenoxy-l/f-unidazo[4,5- 

c]quinoIin-l-yl)ethanol (1.1 g, 3.61 nimol) was reacted with 4-picolyl chloride hydrogen 

chloride (0.649 g, 3.96 mmol) and the product purified to provide '-0.3 g of 4-phenoxy-l- 

[2-(pyridin-4-ylmcthoxy)c1hyl]-l//-imidazo[4,5-cjquinoline. 

*H-NMR (300 MHz. DMSOd6) 5 8.41 (s, IH), 8.39 (s, IH), 8.34 (dd, J= 7.8, 1.5 Hz, 
15 2H), 7.70 (dd, 7 « 7.8, 1.5 Hz, IH), 7.46-7.60 (m, 4H). 7.25-7.33 (m, 3H), 7.10 (d,y« 5.9 

Hz. 2H), 5.00 (t, 7= 4.9 Hz, 2H), 4.53 (s, 2H). 4.00 (t, /= 4.9 Hz, 2H) 

MS (CI) for C24H20N4Q2 m/z 397 (MH*), 306. 288, 212. 110 

PaitB 

Using the general method of Example 14 Fait B, 4-phcnoxy-l-[2-(pyridin-4- 
20 yhncthoxy)ethyl]4if-inudazo[4,5H:]quino^^ (0.25 g) was ammated to provide 0,14 g of 
H2-^yridin-4-yhneflioxy)efli}d]-l/r-imidazo[4,5-<]quino as a solid, m.p. 159- 

Analysis: Calculated for CigHnNsO: %C, 67.70; %H. 5.37; %N, 21.93; Found: %C, 
67 J7; %H. 5.31; %N, 22.49. 
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^H-NMR (300 MHz. DMS0-<16) 5 8.40 (dd, /= 4.4, 1.5 Hz, 2H). 8.20 (s, IH), 8.09 (d, /= 
8.3 Hz, IH), 7.62 (d, 7- 8.3 Hz, IH), 7.43 (m, IH), 7.21 (m, IH), 7.10 (d, /=5.4 Hz, IH), 
6.54 (br s, 2H), 4.87 (t, 7= 5.1 Hz, 2H), 4.51 (s. 2H). 3.94 (t. 7= 5.1 Hz. 2H) 
MS (CI) for CiaHnNsO miz 320 (MH*). 229. 136 

5 

Example 16 

l-{2-[(3,5-Dmethylisoxa2ol-4-yl)meflioxy]etliyl}- 
li7-]nuda2o[4,5-c]qiiiiiolin-4-fi]iiixie 
NHj 




10 

FaitA 

Using general method of Example 13 Part F, 2-(4-phenoxy-lff-inudazo[4,5- 
c]qiiinolm-l-yl)ethanol (0.82 g, 2.69 mmol) was reacted witii 4-(chlorometiiiyl>-3,5- 
dimefliylisoxazole (0.43 g, 2.95 mmol) and purified to provide 0.59 g of l-{2-[(3,5- 
1 5 dime%lisoxazol-4.yl)methoxylethyl}-4-phenoxy-l/f-inudazo[^^^ as a white 

foamy solid. 

'H-NMR (300 MHz, DMS0^6) 6 8.29-8.32 (m, 2H), 7.70 (dd, 7- 7.8, 1.5 Hz, IH). 7.46- 
7.60 (m. 4H), 7.25-7.32 (m, 3H) 4.89 (t. /=5.1 Hz, 2H), 4.24 (s, 2H). 3.89 (t, 4.9 Hz. 
2H),2.16(s, 3H), 1.93 (8, 3H) 
20 MS (CI) for C24H22N4O3 m/z 415 (MH*). 306, 212, 1 12 
PartB 

Using tfie general method of Example 14 Part B, tbe material fixim Part A was 
aminated to provide 0.39 g of l-{2-[(3.5-dimefliylisoxazDl-4-yl)meflioxy]e*3^}-l/F- 
imidazo[4.S-c]quinolm-4-amine as a white solid, m.p. 213*21S*t2. 
25 Analysis: Calculated for CigHi^NsOi: %C, 64.08; %H, 5.68; %N. 20.76; Found: %C. 
64.02; %H, 5.53; %N. 21.01. 
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*H-NMR (300 MHz. DMSCMi6) 5 8.12 (s, IH), 8.05 (dd, /= 8.3, 1.0 Hz, IH), 7.61 (dd, / 
= 8.3, 1.0 Hz, IH), 7,43 (m, IH). 7.21 (m, IH), 6.52 (br s, 2H)..4.79 (t, 7= 5.1 Hz, 2H), 
4.23 (s. 2H), 3.85 (t, 7= 5.1 Hz, 2H), 2.20 (s, 3H), 1.97 (s, 3H) 
MS (CI) for CiaHwNsOi m/z 338 (MH^, 229, 112 

5 

Example 17 

1^2-{[3-(Pyriimdm-2-yl)-2.propyiiyl]o3^}c%^ 
l/f-imidazo[4,5-c]quinolm-4-a]Xiine trifluoioacetate 




10 Under a nitrogen atmosphere, l-[2K2-im)pynyloxy)e%l]-l/f-imidazo(4,5- 

c]qumolm-4-amine (1.0 g, 3.7 mmol). trictfaylamine (1.0 g, 9.7 mmol) and anhydrous 
N J^-dimethylfoimamide (20 mL) were combined. The resulting solution was heated to 
eS'iZ . Copper (I) iodide (0.07 g, 0.4 mmol). dichlorobis(triphenylphosphine)palladium(II) 
(0.13 g, 0.2 mmol) and 2-bn)mopyTimidine (0.65 g, 4.1 mmol) were added and the 

15 reaction mixture was stirred at 65^C overnight The N,N-dimethylformamide was 

removed under reduced pressure to provide crude product as a tar. This tar was purified 
first by column chromatography (silica gel eluting with dichloromcthane) and then by 
semi-pieparative HPLC using Me&od A to provide 0.05 g of l-(2-{[3-(pyTimidin.2-yl)-2- 
propynyl]oxy}etfayI)-li^imidazo[4.5-c]quinolin-4-amine trifluoroacetate as a spongy 

20 white solid. m.p. 214-215«C. 

Analysis: Calculated for CwHieNeO • 1.5 C2HF3O2 • 0.3 H2O: %C. 50.67; %H. 3.51; %N, 
16.12; Found: %C 50.67; %H, 3.11; %N, 16.14. 

'H-NMR (300 MHz; DMSOd*) 5 (ppm) 9.169(s.lH), 8.646(s,2H). 8.497(s.lH), 
8.328(dJ=8.3Hz,lH), 7.773(dJ=6.9Hz,lH), 7.703(tJ-=6.7Hz,lH), 7.558(tJ=7.2Hz,lH), 
25 4.942(U=4.8Hz.2H), 4.447(s,2H), 4.073(U=4.9Hz,2H). 
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5 



Example 18 

I-(2-{[3-(Pyrid-4-yl)-2-propynyl]oxy}e%l)-li/-imidazo[4,5-c] 

bis(trifluoroacetatB) 




s 



O 




Under a nitrogen atmosphere, l-[2-(2-propynyloxy)ethyl]-l/f-imidazo[4,5- 
c]quinolin^amme (0.5 g, 1.9 mmol), trietl^lamme (0.5 g, 4.9 mmolX copper (I) iodide 
10 (0.036 g, 0.2 mmol), 4-bromopyridine (0.51 g, 2.6 mmol) and acetonitrile (20 mL) were 
combined and stored at ambient temperatuxe. ' 

DicUorobis(tnphenylpbosphine)palIadium(n) (0.066 g» 0.1 mmol) was added. Ibe 
reaction mixtuxe was heated at reflux overnight The acetonitrile was removed under 
reduced pressure. The residue was taken up m dicUoromethane and methanol and then 
15 put through a basic alumina column. The fiactions were combined and concenttatcd under 
reduced pressure. The residue, was triturated with acetonitrile. The resulting solid was 
isolated by filtration and then purified by semi-preparative HPLC using Method A to 
provide 0.1 g of l-(2-{[3-(pyrid-4-yl)-2-propynyl]oxy}ethyl)-lJY-imida2o[4,5-<]quino^^ 
4-amine bis(trifluoroacetate) as a gray fbxSy solid, m.p. 135"^ (dec.). 



20 Analysis: Calculated for Ca^flnNsO • 2.0 C2HF3O2 • 0.5 H2O: %C, 49.66; %H, 3.47; %N, 
12.06; Found: %C, 49.59; %H, 3.51; %N, 12.22. 

^H-NMR (300 MHz; DMSO-d<j) 8 (ppm) 9.063(bs;2H), 8.551(d,J=5.2Hz^, 
8.498(s.lH). 8.335(dJ«7.7Hz,lH), 7.795(dJ=6.9Hz.lH). 7.727(tJ«8,3H2,lH), 
7.564(t^«8.3Hz,lH), 7.139(dJ=5.7Hz;2H), 4,942(tJ=4.8Hz^, 4.427(s,2H), 
25 4.056(tJ[=4.8Hz,2H). 



wo 02/46193 



PCTAJSOl/46704 



Example 19 

l<2-{[3<Fur-3-yl)-2-propynyl]oxy}e%l)-l^-iimda2o[4,5'^]qui^ 

triflttoioacetate 




Under a nitrogen atmosphere, l-[2-<2-propynyloxy)cthyl]-l/f-imidazo[4,5- 
c]qumolm-4-amme (0.5 g. 1 .9 mmol), triethylamine (0.5 g, 4.9 mmol), copper Q) iodide 
(0.036 g, 0.2 mmol), 3-bromofuran (0.38 g, 2.6 mmol) and anhydrous NJ^f- 
dimethylfonnamide (20 mL) Were combined and stined at ambient tempeiatuie. 

10 Dichlorobis(triphenylphosphine)palladimn(II) (0.066 g, 0.1 mmol) was added. The 

reaction mixture was heated at 80*C overnight The reaction nuxture was allowed to cool 
to ambient temperature and tiien it was diluted witii dichloromethanc. The resulting fine 
brown precipitate was removed by filtration. The filtrate was concentrated under reduced 
pressure. The residue was dissolved into a minimum amount of N,N-dimetfaylformamide 

1 5 and put through a silica gel column. The appropriate ftactions were combined and 

concentrated under reduced pressure. The residue was purified by semi-preparative HPLC 
using Method A to provide 0.1 g of H2-{[3-(fiir-3-yl)-2-piopynyl]oxy}ethyI)-lfl'- 
imida2o[4,5-c]quinolin-4-amine trifluoroacetate as a fluffy ivory solid, m.p. 160-162"C. 
Analysis: Calculated for C19H16N4O2 • C2HF3O2 • 0.25 H2O: %C, 55.94; %H. 3.91; m 

20 12.42; Found: %C, 55.57; %H. 3.43; %N, 12.45. 

*H-NMR (300 MHz; DMS0-d6) 5 (ppm) 8.859(bs,2H). 8.473(s,lH), 8.32(d,J=8.3Hz,lH). 
7.849(8.1H), 7.813(dJ=7.3Hz,lH), 7.7l4(U=8.5Hz,lH). 7.697(dJ=2H2.1H). 
7.551(t.J=6.8Hz,lH). 6.409(dJ=1.9Hz,lH). 4.919(t.J=5.5Hz.2H), 4.337(s.2H), 
4.002(tJ=4.8Hz^H). 

25 
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Example 20 

4-{3-[2-(4-Ainmo-lH-iimda2o[4,5-c]quinolm-l-yl)etiio^^ 
tiiiopheQ-2-ylcarboxaldehyde trifluozoacetBte 




o 



S Using the general method of Example 20, l-[2-(2-piopynyloxy)ethyl]-l/f- 

]midazo[4,5-c]qiimo]in-4-aniine (O.S g» 1.9 mmol) was reacted with 3-bronu>-2- 
(faiophenecaiboxaldehyde (0.5 2.6 mmol) and die crude' product purified by semi- 
preparative HPLC using Method A to provide 0.13 g of 4-{3-[2-(4-amin0-li7- 
]midazo[4,5-c]quinolin-l-yl)e1fao;Qr].prQpyn-l*yl}4U 

10 tiifluoroacetate as a fluf^ ivory solid, m.p. 

Analysis: Calculated for C20H16N4O2S • C2HF3O2: %C, 53.88; %H, 3.49; %N, 11.42; 
Found: %C. 54,16; %H, 3.21; %N, 1 1.36, 

^H-NMR (300 MHz; DMSO-d«) 5 (ppm) 9.874(s,lH). 8.972(bs,2H), 8.483(s,lH), 
8.322(dJ=7.9Hz,lH), 8.076(8,1H), 7.771 (dJ=8.3Hz,lH), 7,736(s,lH), 
15 7.71(U=8.4H2,1H). 7.555(tJ=6.9H2,lH), 4.928(U=53Hz^H), 4.371(s,2H). 
4,043(tJ-4.8Hz^. 
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Example 21 

l-(2-{[3-(Pyrid-2-yl)-2-propynyl]oxy}ethyl)-lH-imidazo[4,5K:]qum 

triflaoroacetate 

O 

5 Using tbe general method of Example 19, l-[2-(2-propynyIoxy)efliyl]-ltf- 

iniidazo[4,5-c]quiBolin-4-amme (0.5 g, 1.9 mmol) was reacted with 2-biomopyridiiie 
(0.5 1 g, 2.6 mmol) and the crude product purified by semi-preparative HPLC using 
Method A to provide 0.1 g of H2-{[3-(pyrid-2-yl)-2-propynyl]oxy}ethyl)-liir- 
]midazo[4,5-c]quinoIin-4-amine trifluoroacetate as a gray fluffy solid, m.p. 129-131^. 

10 Analyris: Calculated for C2oHnN50 • 1.75 C2HF3O2 - 025 IfcO: %C. 51.56; %H, 3.55; 
%N. 12.-80; Found: %C, 51.80; %H, 3.20; %N, 13.11. 

"H-NMR (300 MHz; DMS0-d6) 5 (ppm) 9.013(hs^H), 8.516(s4H), 8.495(s,lH), 
8.331(dJ=8.2Hz,lH), 7.75(m^H). 7.553(tJ=8.2Hz,lH), 7.375(dd,J=7.8;4,9Hz;lH). 
7.23(dJ«7.8Hz.lH), 4.944(t,J=5.4Hz^H), 4.418(s,2H), 4.059(tJ=4.8H2^H). 

15 

Examples 22-26 

The compounds in the table below were prepared according to &e synthetic 
method of Reaction Scheine I above using the £9llowing general method. 

The 4-amino-lif-in4dazo[4»5-c]quinolin-i-yl alcohol (25 mg) was placed in a 2 
20 dram (7.4 mL) vial. Sodium Iqrdride (1.2 eq of 60% in mineral oil) and N,N- 

dimethylforman;dde (1 mL) were added. The vial was placed on a sonicator for about 15 
to 30 minutes at ambient temperature to allow the alkoxide to fomoL The halide (1 .2 eq) 
was added and the vial was placed back on the sonicator for about 1 5 to 120 minutes at 
ambient temperature. The reaction mixture was analyzed by LC/MS to confirm tiie 
25 formation of the desired product The reaction mixture was purified by semi-preparative 
HPLC. The semi-prep HPLC fractions were analyzed by LC-APCI/MS and the 
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appropriate fi:actions were combined and lyophilized to piovid the trifluoioacetate salt of 
the desired product, which was confirmed by accurate mass and NMR spectroscopy. 
The table below shows tiie structure of die free base, die theoretical mass (TM), and the 
measured mass (MM) or nominal mass (MM). 



Example 


Stittctaie of die Free Base 


Purification 


Mass Measurement 


# 




Method 


CDa.) 


22 


NH, 


A 


TM= 326. 1743 




&^ 




MM = 326.1739 












A 


TM- 392.1597 
MM — 392.1354 


24 


ilT'V 


A 


TM = 450.1281 
MM = 450.1285 


25 




A 


TM = 422.0968 








MM » 422.0966 
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Example 
# 


Stzucture of the Free Base 


Puiificatioii 
Method 


Mass Measurement 
(Da.) 


26 


NH^ 

0 


A 


TM= 364 
NM[M+H1**=365 



Example 27 

l-{2-Methyl-l-[(pyrid-2-yloxy)methyl]ptopyl}-lff-!inid^ 
5 tiifliioroacetate 

Using the general method of Examples 22 - 26 above, 2-(4-amino-l* 
iniidazo[4,5-clqumolin-l-yl)-3-mcthylbutan-l-ol was reacted wiA 2- 
(trifluoromethylsulfonyloxy)pyridine and the crude product purified via semi-preparative 
10 HPLC using Method A to provide l-{2-methyH-[(pyrid^2-yloxy)methyl]propyl}-lH- 
imidazo[4,5-c]quinoline-4-amine as the trifluoroacetate salt TM = 347.1746. MM = 
347.1740 
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Example 28 

1- { l-[(pyrid-2-yloxy)me%I]propyl}-lif-iinidazo[4,5-c]quinoU^^ 

tiifluoroacetate 




S Using tte general meOiod of Exanq)les 22 - 26 above 2-(4-ammo-l/f-iniidazo[4,5- 

c]qamoIm-l-yl)-3-inetliyIbutaa-l-oI was leacted with 2- 

(trifluonmieUiylsulfonyloxy)pyrid3ne and tibie crude product purified via semi-preparative 
HPLC using Mettiod B to provide l-{l-[Q)yrid-2-yloxy)meaiyl]propyl}-l^-imidazo[4,5- 
c]quinoIine-4-amine as tiie trifluoioacetate salt TM = 333.1590, MM = 333.1598 

10 • - 

Example 29 

1 -[2-(9/r-carfoazolO*y]oxy)piopyI]-l^-2m]dazo[4,5-c]quinol^^ 

trifluoroacetate 

15 




A 1 mL portion of a solution prepared by dissolving 0.5 g of l-(4-amiQo-Itf- 
imidazo[4,5-c]quinolin-l-yl)pn>pan-2-ol in NJ4-dimethylformamide (20 mL) was added 
to a 2 dram (7.4 mL) glass vial containing 2-hydroxycarfoazole (38 mg, 2 eq.). 
20 Triphenylphosphine (54 mg, 2 eq.) dissolved in NJ>l-dimethylfonnamide (1 mL) was 
added to the vial. Tlie resulting slurry was sonicated to dissolve the phenol. Diethyl 
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azidocaiboxylate (36 mg, 2 cq.) was added neat The reaction mixture was sonicated for 
about 30 minutes and then shaken vemight at ambient temperature. The solvent was 
removed and the residue was purified by semi-preparative HPLC using Me&od A. The 
compound was provided as the trifluoroacctate salt TM = 407, NM[M + H]** = 408. 

5 

Example 30 

l-{2-[(3-thien-2-ylpn>p-2-ynyl)oxy]ethyl}-lff-imidazo[4,5-clqui^ 

NH, 




PartA 

10 Using flic general method of Example 1 Part B, 2-(lif-imidazo[4,5-c]qumolin-l- 

yl)ethyl (2-propynyl) ether was oxidized to provide 67.5 g of l-[2-(2-propynyloxy)cthyl]- 
l//-iinidazo[4,5-c]quinoline-5N-oxide as a tan solid. 
MS (CI) for C15H14N3O2 m/2 268 OMH*). 252, 214. 
Parte 

15 A dried round bottom flask was charged with a stir bar, l-[2-(2- 

propynyloxy)ethyl]-l/f-imidazo[4,5-c]qmnoline-5N-oxide (57.5 g, 215.1 mmol), 
anhydrous toluene (200 mL) and anhydrous dimethyl formamide (400 mL) under a 
nitrogen atmosphere. Phosphorus oxychloride (23 mL, 247.4 mmol) was added dropwise 
over 20 minutes to this mixture leading to a modest exothenn(-' 40^*0). The reaction 

20 was judged complete after 1 .25 hours at ambient temperature. The volatiles were removed 
under reduced pressure and the resulting solid was partitioned between chloroform and 
10% aqueous sodium caibonate. The aqueous layer was extracted with chlorofom:i; the 
organic fractions were combined, dried with anhydrous magnesium sulfate, filtered and 
concentrated under reduced pressure. The resulting brown solid was dried at 60 ^C, under 
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vacuum, for 4 hours t obtain 36.6 g of 4-chloro.l-[2-(pn)p-2-ynyloxy)etfayl]-l/f- 
imida20[4,5-c]qumoline as a powder. 
MS (O) for CwHtiCINsO m/z 286 (MH*), 246. 204. 
Parte 

5 A dried round bottom flask was charged with a stir bar, sodium hydride (8.15 g, 

203.9 mmol) and anhydrous 2-meflioxylethyl ether (diglyme, 100 mL) while under a 
nitrogen atmosphere and at ambient temperature. Phenol (20.7 g, 220.2 mmol) was added 
in several portions as a solid and the resulting solution stirred under a nitrogen atmosphere 
until gas evolution ceased. 4<MoTO-l-[2-^p-2-ynyloxy)ethyl]-lH-inudazo[4,5- 

10 clquinoline (46.6 g, 163.1 mmol) was added neat and the solution was heated to 110 **C. 
After 15.5 hours, a prefomied solution of sodium phenoxide (phenol 5 g. 53.1 mmol and 
sodium hydride 1.91 g, 47.8 mmol) in diglyme (20 mL) was added to the reaction solution 
and heating was increased to 165 ^C. The reaction was judged complete after 1 hour at 
165 After cooling to less tiian 70 ^C, the volatiles were removed under reduced 

15 pressure and die resulting brown soHd was partitioned between chloroform and saturated 
aqueous sodium carbonate. The aqueous fraction was extracted witfi chlorofonn; the 
combined organic fractions were dried witfi anhydrous magnesium sulfate, filtered and 
dien concentrated under reduced pressure to provide a brown solid. The solid was 
reciystallized from acetonitrile with a small amount of dimetiiyl formamide to provide 25 

20 g of 4-phenoxy.l-[2-(prop-2.ynyloxy)ethyl]4/r-imidazo[4,5-c]qui^^ as a crystalline 

solid. 

MS (CI) for C2iHi7N3C)2 m/z 344 (MH*), 306, 288. 
PartD 

Using flie general method of Example 3 Part A, 4-phenoxy-l-[2-^rop-2- 
25 ynyloxy)e1hyl]-lfr-imidazo[4,5-c]qumoline (10 g, 29.4 mmol) was reacted with 2- 
iodothiophene (3.6 mL, 32.3 riunol). The glassy solid obtained fcom purification by 
chromatography ovcrsihca gel (98/2 dichlorome&ane/methanol) was triturated with ether 
to provide 5.3 gof 4-phenoxy4-(2-[(3-tiuen-3.ylprop-2.ynyl)oxy]ethyl}4H^ 
c]quinoline as a gray powder. 
30 MS (CI) for C25H19N3O2S m/z 426 (MlT), 306, 288. 
PartE 
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4-Phenoxy-l - {2-[(3-thien-3-ylpiop-2-ynyl)oxy]eftyl} -l/f-iimdazo[4,5-<:]quiiioline 
(3.2 g, 7.52 mmol) and ammonium acetate (32 g, 415 mmol) were melted together in a 
dried round bottom heated to 1 SO under a nitrogen atmosphere. After 2 hrs additional 
ammonium acetate (10 g, 129 mmol) was added. The reaction was judged complete after 

5 a total of 4 hours. The melted sotidswete cooled to ambient temperature and basifiedwidi 
IN aqueous potassium hydroxide to a pH of --13. The aqueous mixture was extracted widi 
dichloromethane (3x); die combined organic fractions were washed with brine, dried over 
anhydrous magnesium sul&te, filtered and then concentrated under reduced pressure. The 
resulting solid was purified by chromatography over silica g^l (98/2 

10 dichloromeAane/methanol), then triturated with edier to provide 0.812 g of l-(2-[(3-thien- 
2-ylprop-2-ynyl)oxy]cthyl}4^-imidazo[4,5-c]qumolin4-amm as a white powder, m.p. 

148-150 **C. 

Analysis. Calculated for C19H16N4OS: %Q 65.50; %H, 4.63; %N. 16.08, Found: %C, 
65.42; %H, 4.65; %N, 16.11 . 
15 *H NMR (300 MHz. DMSO) 5 8.16 (a, 1 H). 8.1 1 (d, J = 6.8 Hz, 1 H), 7.60 (m, 2 H), 7.43 
(t, J = 6.8 Hz, 1 H). 7.20-7.25 (m, 2 H), 7.04 (dd, J = 4.9, 3.9 Hz. 1 H), 6.58 (s, 2 H), 4.84 
(t, J = 5.4, 2 H), 4.41 (s, 2 H), 3.99 (t, J = 5.4. 2 H) 
MS (CI) for C19H16N4OS m/z 349 (MH*), 229, 185. 

20 Example 31 

l.{2-[(l-methyl-lfl^indol-2-yl)meflioxy]efliyl}- 
l/r-unidazo[4,5-c]quinolia-4*8mine 




Part A 
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Using tbe general method of Example 30 Part D, 4-phenoxy-l-[2-(prop-2- 
ynyloxy)ethyll-lH-imidazo[4,5-c]quinoline (3.16 g, 9.20 nunol) was reacted with 2-iodo- 
NJ^-dimethylaniline (2.5 g, 10,1 mmol) to provide a 1.0 g of l-{2-[(l-meaiyl-l/^mdol- 
2-yl)methoxy]ethyl}-4-phenoxy-l/f-imidazo[4,5-c]quinoline as a pale yellow crystalline 
5 solid. 

MS (CI) for C28H24N4O2 m/z 449 (MH^, 306, 186. 
PaitB 

l-{2-[(l-Metfayl-lJf-indol-2-yl)methoxy]etl^I}-4-pheno374f^^ 
c]quinoline (0.78 1 .74 tmnol) was partially coiiverted to the desired product by 

10 «qx>sure to ammonia, (7% in methanol, 20 mL) for 52 hours at 160 in a bomb. The 
volatiles were removed under reduced pressure and die material was reacted with more 
ammonia (7% in methanol, 20 mL) for 80 hours at 160 ""C to completely consume 
starting material. The solid was removed by filtration arid the filtrate was coricentmted 
under reduced vacuum. The resulting material was purified by chromatography over silica 

15 gel (9/1 dichloTomethane/methanol). The lesulting solid was leciystallized from dimethyl 
fonnamide to provide 0.121 g of l-{2-[(l-me%l-li/-indol-2-yl)methoxy]eajyl}-lff- 
unidazo[4,5-c]quinolin-4-amine as white, flat crystals, m.p. 243-245 "C. 
Analysis. Calculated for CaHiiNsO • (C3H7dN)ojo:%C, 70.50; %H, 5.81; %N, 18.75. 
Found: %C, 70.72; %H, 5.70; %N, 18 J6 

20 'H NMR (300 MHz, DMSO) 8 8.13 (s, 1 1^, 8.05 (d, J = 8.3 Hz, 1 H), 7.60 (d. J = 9 J, 1 
H), 7.36-7.47 (m, 3 H), 7.10-7 JIO (m, 2 ti), 6.98 (t, J - 73 Hz, 1 IQ. 6.58 (bts, 2 H). 636 
(s, 1 H). 4.82 J = 4J), 2 H), 4.64 (8, 2 IQ, 3.92 (t, J = 4.9, 2 H), 3.52 (s, 3 
MS (C3) for C22H21N5O m/z 372 C^^H^. 229, 144. 
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Example 32 

l-[2-(3-tbien-2-ylpropoxy)ethyl]-l//-imida2o[4,5-^lquinolm-4-a 





PailA 

5 A dried round bottom flask was charged with a stir bar, 2-(l/f-imidazo[4,5- 

c]qiiinolin-l-yl)ethyl (2-propynyl) ether (11.78 g, 46.88 mmol), anhydrous trie&ylamine 
(14 mL, 121.9 mmol), 2-iodo^ophene (5.7 mL, 51.57 nunol) and anhydrous dimcdiyl 
fonnamide(130mL) under a nitrogen atmosphere and heated to 80 ''C. After S nunutes 
dichloiobis(triphenytphosphine)palladium(II) (0.658 g, 0*937 mol) and copper(I) iodide 

10 (0.357 g, 1.875 mmol) were added neat to the solution. The reaction was judged complete 
after 50 minutes. The volatiles were removed under reduced pressure and die resulting 
solid partitioned between dichloromethane and 0.5N aqueous potassium hydroxide. The 
aqueous fraction was extracted with dichloromethane (3x); the combined organic fractions 
were dried wi& anhydrous magnesium suUate, filtered and concentrated under reduced 

1 5 piessiue to provide a brown solid. The glassy solid obtained from purification by 

chromatography over sOica gel (98/2 dichloromediane/methanol) was triturated widi ether 
to provide 9.5 g of l-{2-[(3-1hien-2-ylprop-2-ynyl)oxy]ediyl}4//^imida2o[4,5-c]quinoUne 
as a tan solid 

MS (d) for C19H15N3OS m/z 334 (MH*), 290. 214. 
20 PaitB 

Using the general mediod of Example 3 Part B, l-{2-[(3-thien-2-ytprop-2- 
ynyI)oxy]ethyl}*l/r-imidazo[4,S-c]quinoline (9.5 g, 28.49 mmol) was reduced with 
palladium on caibon (10%, 1 g) in metiianol (25 mL) to provide 9.1 g of l-[2-(3-tfaien-2- 
y]propoxy}ethyl]-l/f-imidazo[4,5-c]quinolme as a brown oil. 
25 MS (CI) for C19H19N3OS m/z 338 (MH*), 214. 
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Parte 

Using 4ie general mediod of Example 1 Part N[2-(3-thieii-2-yIpropoxy)ethyl]- 
li/-iinidazo[4,5-c]quinolme was oxidized to provide 4.4 g of l-[2-(3-tbien-2- 
ylpropoxy)ethyl]-l/f-imidazo[4,5-c]quiaoline-5N-oxide as an unpuiified tan solid. 
5 MS (CI) for C19H19N3O2S miz 354 (MH*), 338. 214. 
PartD 

Using die general method of Example 1 Part C, l-[2-(3-thien-2-ylpropoxy)ethyl]- 
lif-imidazo[4,5'^]quinoline-5N-oxide (4.4 g, 12.45 mmol) was reacted with 
trichloroacetyl isocyanate (1.8 mL, 14.9 mmol) to provide 2,2^-tricl]lQio-^-{l-[2-(3- 
10 tfaien-2-ylptopoxy)etfayl]-lH-iniidazo[4,5-c]quinolin-4-yl}acetamide as an unpurified 
glassy solid. 
PartE 

A dried lomid bottom flask was charged with a stir bar. 2,2,2-1richlozo-A'-{l-[2-(3- 

fiuCT-2-ylpropoxy)ethyl]-l£r-imidazo[4,5-c]quinolin«4-^^^ 
IS melfaoxide (25% in methanol, 1 1 mL» 49.8 mmol) at ambient temperature. The reaction 

was judged complete after 30 hours. The volatiles were removed under reduced pressure. 

The resulting oil was purified with chromatography over silica gel (95/5 

dichloromethane/metfaanol), semi-preparative HPLC using method A» and recrystallization 

from ethyl acetate/hexane to provide 43 mg of l-[2-(3-ttuen-2-ylpn)poxy)e1hyl]-l/f- 
20 imidazo[4,5-c]quinolin-4-amine as a white crystalline solid. m.p. 130.1-13 1.6 ^C. 

Analysis. Calculated for C19H20N4OS « (H20)o4o:%C, 63.77; %H, 5.80; %N, 15.66. 

Found: %C, 63.84; %H, 5.79; %N, 15.57 

NMR (300 MHz. DMSO) 8 8.16 (s, 1 H). 8.12 (d, J = 8.3 Hz. 1 H), 7.62 (d, J = 8 J Hz, 

1 H), 7.43 (t, J = 7 J Hz, 1 H). 720-7.26 (m. 2 H). 6.84 (dd. J « 4.9, 3.4 Hz, 1 H), 6.62 (d. 
25 J = 2.4 Hz, 1 H) 6.58 (s, 21^, 4.79 (t, J 5.4 Hz, 2 1^, 3.83 (t. J « 5.4 Hz, 2 IQ, 335 (t, J 

« 6,4, 2 H), 2.64 (t, J « 7.8 Hz, 2 H), 1.69 0>, J = 6.8. 6.3 Hz, 2 1^. 

MS (CQ for C19H20N4OS m/z 353 (MH^, 21 1, 185. 
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Example 33 

l-[2-(3-PyridmO-ylpiopoxy)ethyl]-lH-iniidazo[4,5K:]quinoli^^ 

NH, 




Under a nitrogeii atmosphere, a solution of 2-aminobenzoic acid (100.0 g, 0.73 
mol) in acetic anhydride (400 ml, A2 mol) was heated to reflux for 2 hours. The reaction 
was cooled to room temperature and the solvent was removed in vacuo. The residue was 

10 dissolved in glacial acetic acid (500 ml) and NaNj (49.77 g. 0.77 moO was added. The 
mixture was stirred overnight at room tcmpeiatme followed hy concentration of the acetic 
acid in vacuo. The residue was dissolved in 10% NaOH (500 ml) sofetion and bated to 
reflux for 3.5 hours. The reaction was cooled to room temperature and then poured over a 
mixture of ice water (2 L) and HQ (150 ml). A white solid precipitated and was collected 

15 hy vacuum filtration. The solid was dried in vacuo to yield 130.5 g of 2-(5-metiiyl-lif- 
t6tiaz6i-l-yl)hen2oic acid. 

'H NMR (300 MHz, DMSO-d«) S 8.12 (d, J = 72 Hz, IH). 7.91-7.78 (m, 2H), 7.72 (d, J - 
7.4Hz,lH),2.37(8,3IQ; 
MS (O) m/e 205 (MH*), 162 (M -Nj). 
20 PartB 

Under a nitrogen atmosphere. 2-(5-methyl-lH-tctrazol-l-yl)benzoic acid (89.7 g. 
0.44 mol) was dissolved in acetone (1 L) and cesium caibonatc (214.7 g. 0.66 mol) was 
added witii vigorous stirring. Ethyl iodide (70.3 ml. 0.88 mol) was added dropwise and ti« 
reaction was heated to reflux for 4 hours. The reaction was cooled to room temperature 
25 and filtered. The acetone was removed in vacuo to yield a yellow soUd which was 

dissolved in dichloromelhane (800 ml) and washed with saturated sodium hicaibonate 
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(200 ml). The organic fraction was dried (Na2S04), filtered, and concentrated to yield 
92.7 g of ethyl 2-(5-metiiyl-l//-tetrazol-l-yl)benzoate as a light yellow solid, 

*H NMR (300 MHz, DMS0-d6) 8 8.14 (d, J = 7.8 Hz, IH), 7.89 (m, 2H), 7.79 (d, J = 7.9 
Hz, 1 H), 4.08 (q, J = 7.4 Hz, 2H), 2.40 (s, 3H), 1 .04 (t. J = 6.9 Hz, 3H); 
5 MS(CI)m/e233(MH*). 159. 

PaitC 

Under a nitrogen atmosphere, ethyl 2-{5-methyl-l/f-tetrazoH-yl)benzoate (92.7 g, 
0.34 mol) was dissolved in NJN-dime&ylfoiniamide (600m]) and the solution was chilled 
in an ice water bath. Potassium efhoxide (67.2 g, 0.80 mol) was added slowly to the 

10 solution. After a few minutes, die ice water bath was removed and the reaction was stmed 
at room temperature for 3 hours. The reaction was treated mix 1 00 ml of water and 
approximately 300-400 ml of solvent was removed in vacuo. The remainder of the 
reaction was poured over a solution of glacial acetic acid (125 ml) in ice water (2 L). A 
prec^itate formed and the mixture was diluted widi additional water (3 L). The solid was 

15 collected by vacuiiim filtration to yield 6325 g of tetrazolo[l,5-^]quinolin-5-ol as a yellow 
solid. 

^H-NMR (300 MHz, DMSO-dfi) 5 8.54 (d, J = 8.4 Hz, IH). 8.27 (d, J « 8.1 Hz, IH), 7.99 
(t, J == 7.4 Hz, IH), 7.80 (t, J = 7.2 Hz, IH), 7.04 (s, IH); 
MS (CI) m/e 187 (MH*), 159. 
20 PartP 

Tetrazolo[l,5^]quinolin-5-ol (63.25 g, 0.34 mol) was added to glacial acetic add 
(630ml)tofoimathickoffwhite8uspensioa The mixture was vigorously stirred while 
nitric acid (23.6 ml, 0,37 mol, 70% solution) was slowly added. The reaction was then 
heated fiom 25 to 80 **C over a period of 15 minutes. A yellow precipitate formed and the 
25 reaction was maintained at 80 for 5 minutes. The mixture was slowly cooled to 0 ®C. 
The solid was collected by filtration and then dried in vacuo to yield 60.0 g of 4-nitro- 
tetrazolo[l,5-a]quinolin-5-ol as a yellow solid. 

'H-NMR (300 MHz, DMSO^) 5 8.35 (d, J = 3.9 Hz, 11^; 8.32 (d, J = 3.2 Hz. IH), 7,90 
(t, J = 7.3 Hz, IH), 7.68 (t, J = 8.2 Hz, IH); 
30 MS (CI) m/e 232 (MH*), 204. 
PartE 

Under a nitrogen atmosphere, POCI3 (16.42 ml, 0,17 mol) was slowly added to a 
dulled (0 °C) flask containing N,N-dimetiiylfomiamide (100 ml). The resulting solution 



wo 02/46193 



PCTAJSOl/46704 



was slowly warmed to room temperature and tiien added dropwise to a suspension of 4- 
nitra-tetrazolo[l,5-a]qumolm-5-ol in NJ^-dimethylformamide (300 ml). The reaction was 
heated to 100 for 30 minutes. The orange/red solution was quenched by pouring over 1 
liter of ice water. A yellow precipitate formed and was collected by filtration, redissolved 

5 in chloroform (approx. 750 ml), dried (NaiSOO, filtered, and concentrated in vacuo to 
yield 33.74 g of 5-chloro-4-nitrotBtra2olo[l,5-fl]quinoline as a yellow solid. 
'H NMR (300 MHz, DMS0-d6) 8 8.78 (d, J = 8.2 Hz, IH); 8.57 (d, J - 8.3 Hz, IH), 8.29- 
8.22 (m, 110. 8.09-8.03 (m, 1^; 
MS(CI)m/e250 (MH*). 

10 PartF 

5-Chlon>-4-nitrotctrazolo[l,5-fl]quinoline (28.86 g, 0, 1 1 mol), dichloromethane 
(600 ml), and triethylamine (21.14 ml, 0.1 1 mol) were combined and tiie resulting 
solution was chilled to 0 ^C. 2-(3-Pyridin-3-ylpropoxy)efiiylamine (22.9 g, 0.13 mol) was 
added dropwise. The reaction was allowed to slowly warm' to room temperature, flwn 

15 stirred at ix)om temperature for 1 hom and finaUy at reftaxfi^^ 

cooled to room temperature and then quenched with water (200 ml). The phases were 
separated and the aqueous layer was extracted with dicUoromethaiie (3 x 50nil). The 
combined organic fractions were washed with brine (100 ml), dried (Na2S04), filtered and 
concentrated to yield a yellow solid. The solid was slurried in ethanol (150 ml) and 

20 filtered to provide 34 J g of 4-nitro-N-[2-(3-pyridin-3-ylpropoxy)ethylltetrazolo[1.5- 
a]quinolin-5-amine. 

*H NMR (300 MHz, DMS0-d6) 8 10.27 (bs, IH), 8.69 (d, J = 8.3 Hz, IH), 8.54 (d, J « 
8.3 Hz, IH). 8.37 (bs, 2H), 8.08 (t. J - 7.7 Hz, IH), 7.81 (t, J = 7.2 Hz, IH). 7.57 (d. J = 
7.3 Hz. IH), 7.27 (dd. J - 7.9. 5.0 Hz, IH), 3.92 (m, 2H). 3.71 (t, J = 5.4 Hz. 2H). 3.47 (t. 
25 J = 6.0 Hz, 2H), 2.62 (t. J = 7.4 Hz. 2H). 1.82 (m, 2H); 
MS (CI) m/e 394 (MH*), 366. 
PartG 

4-Mtn>-N-I2<3-pyridin-3-ylpropoxy)ethyl]tetiazolo[l .5-a]qumolm^^ (34.3 
g. 87,2 mmol) was added to a 3 liter stainless steel pressure flask containing edianol (1 25 
30 L. absolute). Platinum on carbon (3.00 g, 5% w/w) was added and the flask was placed on 
a Parr hydrogenation apparatus. The reaction was shaken under 45 psi (3.15 Kg/cm^) of 
hydrogen for 24 hours. The catalyst was removed by filtration through Celite and flie 
Celite pad was washed with several portions of ethanol. The filtrate was concentrated in 
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vacuo to provide 30.8 g of NM2-(3--p]^dm-3-ylpropoxy)ethyl]tettazolo[l,5^]quinoU^^ 

4,5-diainiiieasan ramge/red oil MS (O) m/c 364 (MH*), 336. 

PaitH 

Triethyl oithofonnatB (21.1ml, 127iiunol) was added to a solution of N*-[2-(3- 
5 pyridm-3-ylpropoxy)e%l]tetrazolo[l,5-a]qumolm^ (30.8 g, 84.7 mmol) in 

1,2-dichloToethane (750 ml) and the reaction was heated to reflux for 3 hours. The reaction 

was cooled to room temperature and diluted with saturated sodium bicarbonate (200 ml). 

The phases were separated and the aqueous layer was extracted with dichloromethanc (3 

x75ml). The combined organic fractions were washed witii brine (200 ml), dried 
10 (NaiSOO and concentrated to provide an orange solid. The solid was triturated with 

diethyl cflier and then filtered to yield 28.7 g of 6-[2-(3-pyridin-3-ylpropoxy)e%l]-6i/- 

imidazo[4,5-c]tetrazolo[l,5-a]quinoline as a tan/orange solid. 

'H-NMR (300 MHz, CDQa) 8 8.71 (dd, J « 8.1, 1.3 Hz. IH), 8.38 (dd. J = 4.8, 1.5 Hz, 

IH), 8 JO (d, J = 2.1 Hz, IH), 820 (d, J = 7.7 Hz. IH). 8,07 (s, IH). 7.73 (m. 2H), 7.32 (dt. 
15 J « 7.8, L9 Hz, IH), 7.13 (dd, J » 7.7, 4 8 Hz. IH), 4.81 (CJ « 5.1 Hz. 2H), 3.96 (t, J = 5.1 

Hz, 2H), 3.42 (t, J = 6.2 Hz, 2H), 2.52 (t. J = 7.5 Hz. 2H). 1.82-1.74 (m, 2H); 

MS(C^m/e374(MH*). 

Paitl 

Triphenylphosphine (27.0g, 1 1 5mmol) was added to a solution of 6-[2-(3-pyridin- 
20 3-ylpropoxy)ethyl]-6if-imida2o[4,5-c]tetrazolo(l ,5^]quinoline (28.7 g, 76.9 mmol) in 
1,2-dichlorobenzene (1 L). The reaction was heated at reflux temperature overnight The 
dark red solution was cooled to room temperature and treated with IN HQ (225 ml). A 
tan precipitate formed. The resulting mixture was concentrated in vacuo to yield a dark 
red/brown solid. Ihis material was treated with 500 ml water and vigorously stirred. 
25 Excess triphenylphosphine and triphenylphosphine oxide formed as precipitates and were 
removed by vacuum filtration. The solid was washed with several portions of water 
followed by a final wash with dilute HQ (1 :5, IN HQrwater). Ihe red/brown filtrate was 
collected, washed with ether (3 x 150ml). and treated witii 10% NaOH solution until the 
pH reached 12. The crude product formed as a tan precipitate and was collected by 
30 filtration. Purification of tiie crude material was accomplished by treatment (2X) with 
activated charcoal (Darco-G60) in refluxing methanol. The charcoal was removed by 
filtration. The desired product formed as a preciprtate during concentration of the filtrate. 
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The solid was collected by vacuum filtration washed witii diethyl ether, and dried under 
vacuum to provide 17 g of I.[2-(3-pyridin-3-ylpropoxy)etiiyl]-lH-imidazo[4,5H:]qumolin^ 
4-amme as a tan solid, m.p. 125.0-128.0 ®C. 

NMR (300 MHz, DMS0-d<5) 5 833 (d. J = 4.8 Hz, IH). 8.24 (s, IH), 8.18 (s» IH), 8.13 
5 (d. J = 7.7 Hz, IH), 7.63 (d, J - 8.4 Hz, IH), 7.45 (t, J = 6.8 Hz. IH). 7.33-7^1 (m, 2H). 
7.16 (dd, J « 7.7, 4.8 Hz, IH), 6.62 (a, 2H), 4.80 (t, J « 4.8 Hz, 2H). 3.82 (t. J = 4.9 Hz, 
2H). 330 (t. J « 6.3 Hz, 2H), 239 ft J = 7.3 Hz, 2H). 1.64 (m, 2H); 
MS(CI)xii/6 348(MH^; 

Anal calcd for C2oH2iN50*0.08 HiO: C, 68.89; H. 6.11; N, 20.09. Found: C. 68.49; H. 
10 5.95; N, 20.08. 



Example 34 

2-Methyl-l-[2-(3.pyridin-3-ylpioiK)xy)ethyl]4/f-imid^ 




PartA 

Under an atmosphere of nitrogen, N^-[2-(3-pyri<Hn-3- 
ylpTopoxy)ethyl]tetrazolo[l,5-«]quinoline-4,5-diamine (0.70 g, 1.92 mmol) was dissolved 

20 in U-dichloroe&ane (15 ml). Triediyl orthoacctate (0.53 ml. 2.88 mmol) was added via 
syringe and the reaction was heated to reflux for 3 hours. Analysis by thin layer 
chromatogr^hy (95/5 chloroform/methanol) showed complete consumption of the 
diamine. The reaction was quenched by the addition of water (15 ml). The phases were 
separated and the aqueous fiaction was extracted with dichloromethane (3x10 ml). The 

25 combmed organic fractions were washed wifli brine (1 5 ml), dried (NazSOA), filtered and 
concentrated in vacuo to yield 0.73 g of 5-methyl-6-[2-(3-pyridin-3-ylpropoxy)ethyl]-6ff- 
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inudazo[4,5-c]tetrazolo[U5-alqiiiQolme as a red oil. This material was used without 
further purificatioa 
MS(CI)in/e388(M + H). 
PartB 

5 Under an atmosphere of nitrogen, 5.metJiyl-6-[2-(3-pyridin-3-ylpropoxy)etfayl]- 

6/f-imidazo[4,5-c]tetra2olo[l^-a]quinoline (0.73 g, 1.89 mmol) and triphenylphospliine 
(0.64 g, 2.84 mmol) were dissolved in l,2-dichloroben2ene (15 ml). The reaction was 
heated at reflux for 18 hours. After coolmg to ambient temperature, flie solvent was 
removed in vacuo. The resulting residue was treated with IN HCl/water (30 ml) and 

10 vigorous stirring produced an off white suspcnsioa The solid was removed by filtration 
leaving a yellow filtrate. The filtrate was treated with 10 % sodium hydroxide/water until 
pH 11 was reached. The filtrate was extracted with dichloiomethane (3 x 25 ml). The 
combined organic ftactions were washed with brine (25 ml), dried (NsliSOaX filtered and 
concentrated in vacuo to yield an orange oil. The oil was dissolved in a minimum amount 

15 ofdicUoromediane and diluted with ether to produce a precipitate. The soU^ 

recrystallized from n-propyl acetate to yield 0.16 g of 2-methyl-H2-(3-pyridin-3- 
ylpropoxy)ethyll-li/-imidazo[4,5-c]quinolme-4-amine as a tan solid, m.p. 145.0-146,0. 
»H NMR (300 MHz. CDOz) 6 8.40 (d, J = 4.9 Hz, IH), 834 (d, J = 2.0 Hz, IH), 7.93 (d, J 
= 7.4 Hz, IH), 7.84 (d, J = 8.4 Hz, IH), 7.52 (t, J = 7.2 Hz, IH), 7.31 (t, J = 6.6 Hz, IH), 

20 7.22 (d, J = 7.8 Hz, IH), 7.09 (dd, J - 4.8, 7.8 Hz. IH), 5.46 (bs, 2H), 4.67 (t, J = 5.3 Hz, 
2H). 3.90 (t. J = 5.3 Hz. 2H), 3,34 (t, J = 6.2 Hz, 2H), 2.70 (s, 3H), 2.52 (t, J = 8.0 Hz, 
2H),1.76(m,2H); 
MS(CI)m/e362(M + H); 

Anal calcd for C21H23N5O: C, 69.78; H, 6.41; N, 19.38. Found: C, 69.40; H, 638; N. 
25 19.00. 
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Example 35 

2-Butyl-l-[2<3-pyridin-3-ylpTopoxy)efliyl]-lH-iinidazo[4,5-c]qui^^ 




5 

PartA 

Under an atmosphere of nitrogen, N'-[2-(3-pyxidin-3- 
ylpropoxy)etfayl]te1iazolo[l,5si]quino]ine-4,S-diamm (2.48 g, 6.82 mmol) was dissolved 

10 in toluene (40 ml). Trimethyl orthovalcrate (1 29 ml, 7.51 inmol) was added via syringe. 
A catalytic amomit of pyridine hydrocUoride was added to the reaction and the flask was 
fitted with a Dean-Stark trap. The reaction was heated to reflux and the volatiles were 
collected in the trap. After 4 hours, the reaction was cooled to room temperature and 
quenched by the addition of water (30 ml). The phases were separated and the aqueous 

15 phase was extracted with ethyl acetate (3x15 ml). The combined organic fractions were 
washed with brine (25 ml), dried (Na2S04), filtered and concentrated in vacuo to provide a 
red/brown oil The material was purified by flash column chromatography (silica gel, 2/1 
to 95/5 ethyl acetate/hexane gradient) to yield 1.98 g of 2-bu^l-6-[2-(3-pyridm-3. 
ylpropoxy)e%l]-6/f-imidazo[4,5-c]tBtrazolo[l,5-a]quinolme as an orangp oil. 

20 NMR (300 MHz, DMS0-d6) 8 8.53 (d, J = 82 Hz, 1 H), 8.41 (d, J = 7.9 Hz, 1 H), 8.37 

(d, J = 5.0 Hz, 1 H), 8 J 1 (d. J « 1 .9 Hz, 1 H), 7.84 (d, J - 7.2 Hz. 1 H). 7.75 (t. J = 7.5 Hz. 

1 H). 7.48 (d. J « 7.9 Hz. 1 H). 7.23 (dd. J = 7.8, 4.9 Hz, 1 H). 3.63 (t, J = 5.0 Hz. 2 H). 
3.56 (t. J « 4.9 Hz, 2 H), 3 J6 (t, J = 6.3 Hz, 2 H), 2.51 (m. 2H), 2.12 (t, J « 7.7 Hz, 2 H), 
1.73 (pentet, J « 7.4 Hz, 2 H), 1.45 (pentet, J - 7.7 Hz, 2 H). 1.12 (m, 2 H). 0,68 (t, J « 7.4 

25 HZ.3H); 

MS(CI)m/e430(M + H), 
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PartB 

2-Bulyl-6-[2'<3-pyridm-3-ylim)iK)xy)ettiyl]-dfr 
a]qumolme (1.98 g, 4.61 mmol) was treated fonowing the general procedme described in 
Example 35. Recxystallization fiom isopiopyl alcohol gave 1.09 g of 2-butyl-l-[2-(3- 
5 pyridk-3-ylpropoxy)ethyl]-l/f-miidazo[4,5H;]qumoliiie-4-^^ as a beige solid. 

*H NMR (300 MHz. DMSOndc) 5 8.33 (d, J = 4.3 Hz, 1 H), 824 (a, 1 H). 8.08 (d, J « 8.7 
Hz, 1 H), 7.61 (d, J = 8.0 Hz. 1 H), 7.41 (t, J = 7.7 Hz, 1 H). 7.30 - 7.20 (m. 2 H). 7,15 
(dd,J = 7.4,4.8Hz,lH), 6.44 (bs, 2 H), 4.74 (t, J = 5.4 Hz, 2 H), 3.82 (t. J = 5,3 Hz. 2 H), 
3JL7(t.J=5.9Hz.2H),2.97(t,J = 7.4Hz,2H), 2.41 (t, J = 7.5Hz,2H), 1.84(pentet, J 
10 =7.4Hz,2H),1.64(pcntet,J = 72Hz.2H).1.46(m,2H),0.95(t,J«7.3Hz.3H); 
MS(CI)m/e404(M + H); 

Anal calcd for C24H29N5O; C, 71.44; H, 724; N, 17.36. Found: C. 71.23; H, 6.98; N, 
17.05. 



15 



Example 36 
2K2-MeflM>xye%l)-H2-<3-pyridiiJe3-ylprop^ 
imidazo[4.5-c]qiiinolin-4-amine 



NK 



20 




PaxtA 

Under a nitrogen atmosphere, N5-[2-(3-pyrid]n-3-ylpropoxy)etfaylltetraazolo[1.5- 
25 a]quinoIin&4,5-diamine (2.48 g. 6.82 mmol). U-dichloroetfaane (30 ml), and 

trietfaylamine (1 . 14 ml, 8.2 mmol) were combined and the resulting solution was chilled in 
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an ice water bath. 3-mcthoxypropioiiyl chloride (0.92 g, 7.5 nunol) was added diopwise 
to the solution. Thecoolingbath was removed and die reaction was stined for an 
additional 1 8 houis. The solution was quenched by the addition of water (30 ml). The 
phases were separated and tiie aqueous phase was extracted with dicUorometfaane (2 x 15 
5 ml). The combined organic fractions were washed wifli brine (20 ml), dried (NaiSO^, 
filtered and concentrated to yield 3.16 g of an orange syiup. LCMS analysis of the crude 
product showed a mbctureofmono- and di-acylated product The material was used 
without fiirttter purification. 
Parts 

10 Under a nitrogen atmosphere, the product from part A (3.16 g), toluene (40 ml), 

and pyridine hydrochloride (50 mg, 0.4 mmol) were combined and die resulting mixture 
was heated at reflux temperature for 4 hours. The volatilcs were collected in a Dean-Stark 
trap. The reaction was cooled to ambient temperature and then diluted with water (30 ml). 
The phases were separated and the aqueous phase was extracted wifli dichloromediane (3. 

15 X 20 ml). The combined organic extracts were washed wifli brine (20 ml), dried (Na2S04), 
filtered and concentrated to yield an orange foam. The material was purified by column 
chromatogrq)hy (sihca gel, 99:1 CHQatMeOH gradient to 9:1) and then recrystallized 
from 2-propanol to yield 0.35 g of 5-(2-methoxyefliyl)-6-[2-(3-pyridin-3- 
ylpropoxy)ethyl]-6J?-imidazo[4^<]tetiaa2olo[l,5-alquinoto^ as a beige soUd, 

20 Parte 

5<2-metiioxyethyl)-6.-[2-(3-pyridin-3-ylpropoxy)e^yl]-6H-imi 
c]tetraa2olo[l ,5-a]quinoline (0.35 g, 0,80 mmol) was treated with triphenylphosphine 
(0.28 g, 1 .20 mmol) using die general procedure described in Part B of example 35. The 
cmde product was crystallized from ether to yield 90 mg of 2-(2-methoxycthyl>l-(2-(3- 
25 pyridin-3-ylpropoxy)ethyl]4/f-imidazo[4,5-c]quinolin-4-a^ as off-white crystals. 

NMR (300 MHz, CDCh) 5 8.39 (d4 J = 4.8, 1 .5 Hz, 1 H), 8.33 (d, J = 1 .8 Hz, 1 H), 
7.94 (d, J = 7.4 Hz, 1 H), 7.83 (d, J - 8.3 Hz. 1 H), 7.52-7.47 (m, 1 H), 7.32-7.21 (m. 2 H), 
7.09 (dd, J = 7.0, 4.8 Hz, 1 H), 5.59 (bs, 2 H), 4.74 (t, J - 5.4 Hz, 2 H). 3.90 (t. J « 6.6 Hz, 
2 H), 3.87 (t, J - 5.4 Hz. 2 H), 3.38 (s, 3 H), 3.33 (t, J = 6. 1 Hz, 2 H), 3.28 (t, J = 6.6 Hz. 2 

30 H), 2.51 (t. J « 7.4 Hz, 2 H), 1.81-1.71 (m, 2 H); 

"C NMR (75 MHz, 0X33)8 152.4, 151.6. 1502. 147.8. 145.2, 137.1, 136J. 133.7, 
127.7, 127.4, 123.6, 122.5, 120.0. 115.9. 71.2. 70.6, 69.6. 59.4, 46.1, 31.1,29.6. 28,7; 
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MS(CI) m/e 406^242 calcd for (406.2243 C23H2«N502. M+H). 

Example 37 

2-methyl-l.[2-(3-pyridin-3-ylpropoxy)e%l]-6J,8>t^^ 

c]quiii0lm-4-axnii]e 




10 

PartA 

A 200 mL round bottom flask was charged with 3-nitio-5,6,7,8- 
tetrahydioqumolinc-2,4-diol (10 g, 0.048 mol.) and phosphorous oxychloride (100 mL, 
1 .07 moL, 22 equivalents). The reaction mixture was heated to 80^ and maintained, with 

15 stirring for six hours. Thexeactioa was quenched by slowly adding die reaction mixture to 
water (1 500 mL). The reaction mixture was extracted with dichlorometfaane (4 x 100 
mL). Hie dichloromethane fiactions were combined, dried over magnesium sul&te and 
concentrated to provide 2,4-dichlon>-3-nitro-S»6,7,8-tBtrahydroquinoline as a tan solid 
(10.6 g. 91%). m.p. 63-64*X:,TLC (10%MeOH/CH2CL2, Rf-0.84). 

20 PartB 

A 200 ml round bottom flask was charged witii 2,4-dichloro-3-nitro-5,6,7,8- 
tetrahydioquinoline (10 g, 0.04 mol), trieAylamine (6.1g, 0.06 mol, 1,5 equivalents) and 
anhydrous N,N'<iimcthylformaniide (100 mL). To this solution was added 2-(3-pyridin-3- 
ylpropoxy)eftanamine (7.3 g, 0.04 mol). The reaction mixture was heated to 55*»C and 
25 maintained overnight widi stirring. The reaction was quenched by pouring into water 
(1000 mL). The reaction mixture was then extntcted witii a 1 : 1 solution of hexane/ethyl 
acetate (4 x 200 mL). The organics were combined, washed with brine (300 mL) and 
concentrated to provide 2-chloro-3.nitn>-iV-[2-(3-pyridin-3-ylpropoxy)efliyl].5,6,7,8- 
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tetrahydroqiiinolin-4-amine as an orange syrup (14.8 g, 94%). TLC (10% 

MeOH/CH2CL2, RfN).84). 

Parte 

A 200 mL round bottom flask was charged with 60% sodium hydride ^.5 g, 0.06 

5 mol, 1 .7 equivalents) and washed wifli hexane (50 mL). A solution of phenol (5.7 g, 0.06 
mol, 1 .6 equivalents) in diglyme (25 mL) was then slowly added to the sodium hydride. 
The reaction was maintained with stirring at room temperature for 1,5 houis^ Tottie 
phenol anion solution was slowly added a sohition of 2-chIoro-3-mtra-iV-[2-(3-pyridm-3- 
ylpropoxy)ethyl]-5.6 J.8-tetrahydroqumolin-4.amme (14.8 g, 0.04 mol) in diglyme (25 

10 mL). The stirred reactipn mixture was heated to 60°C and maintained overnight The 

reaction was quenched by pouring onto ice (1000 mL). The product oiled out of solution. 
The mixture was extracted with dichlorome&ane (4 xl 00 mL). The combined extracts 
were concentrated to dryness. The residue was taken up in 1;1 hexane/efliyl acetate (250 
mL) and washed with water Px 50 mL). The organic layer was concentrated to dryness. 

1 5 The residue was found to contain excess phenol. The phenol was removed by taking the 
residue up in diethyl ether (500 mL) and stirring over 10% sodium hydroxide ^50 mL) 
overnight The layers were separated. The ether layer was concentrated to provide 3- 
nitro-2.phenoxy-A^[2-(3-pyridin-3-ylpropoxy)ethyl]-5,6J^^ 
as a pale orange syrup (12.0 g. 71%). TLC=(10% MeOH/CH2C12, R^.58). 

20 PartD 

A 500 mL Pan bottle was charged with a solution of 3-nitro-2-phenoxy-^/'-[2-(3- 
pyridin-3-ylpropoxy)ethyl]-5,6J,8-tctrahydroquinolm-4-amine in toluene (150 mL) and 
5% Pt/C catalyst (1 .1 g), placed on Parr apparatus and charged with hydrogen (-54 psi, 3.8 
Kg/cm^). The reaction was allowed to shake for 4 hours, at which time die reaction was 

25 monitored by HPLC. The reaction was not complete. An additional 1 .0 g 5% Pt/C 
catalyst was added to the Pan botde, it was recharged with hydrogen and shaken 
overnight The reaction was Chen complete. The mixture was ffltered tiirough Celite and 
washed with toluene (500 mL). The filtrate was concentrated to provide 2-phenoxy-iV*-[2- 
(3-pyridin-3-ylpropoxy)e%l]-5,6 J,8-tBtrahydroquinoline.3,4-^^ as a yeUow synip 

30 (82 g, 74%). TLC (10% MeOH/CH2a2, Rf=0.48). Mass-spec M+l=419.2 
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PaitE 

A 200 ml round bottom flask was charged with 2-phenoxy-//^-[2-(3-pyridin-3- 
ylptopoxy)ethyl]-5,6 J,8-tetrahydroqumolme-3,4-diamiiie (4.1 g, 0.0098 mol.) and 
pyridine (40 mL) at room temperatuze. To this solution was slowly added acetyl chloride 

5 (0.8 g» 0.01 1 mol., 1 . 1 equivalents). The reaction was maintained wifli stirring at room 
temperature. After two hours the reaction was monitored and found to only contain the 
amide intermediate. The reaction mixture was then heated to reflux and inaintained 
overnight The reaction mixture was concentrated to provide a dark amber syn^. The 
syrup was taken up in ethyl acetate (300 mL) and washed wi& water (2 X 100 mL). The 

10 ethyl acetate layer was concentrated to provide 2-metfayl-4-phenoxy-l-[2-(3-pyridin-3- 
ylpropoxy)ethyI]-6,7,8,9-tetrahydro-l/f'-imidazo[4,5-c]quinol]ne as an orange syrup (3.8 
g, 88%). TLC (10%MeOH/CH2C12, Rf=0.34). Mass-spec M+1M43.2 
PartF 

A 200 ml round bottom flask was charged with 2-methyl-4-phenoxy-l-[2-(3- 

15 pyridm-3-ylpropoxy)ethyl]-6 J,8^-tetrahydro-lH-inudazo[4,5-^^ (3.7 g, 0.0084 

mol.) and ammonium acetate (37 g, 0.48 mol, 57 equivalents) and then heated to 150°C. 
Within 20 minutes the reaction mixture was homogeneous. The reaction mixture was 
maintained with stirring at 150°C ovemig^it The reaction was monitored after 24 hours 
and found to be incomplete. The reaction mixture was maintained over the weekend. The 

20 reaction mixture was cooled and then taken up in IN HCl (250 mL) and washed with 
diethyl ether (200 mL). The aqueous layer was then adjusted to pHl 1 witii sodium 
hydroxide and retracted with dichlorometfaane (3 x 100 mL). Tlie combined organics 
were concentrated to provide an orange syrup. The syrup was purified by column 
chromatography (10% MeOH/CH2C12). The appropriate fractions were combined and 

25 concentrated to provide a pale orange syrup. The syrup was found to be a mixture of the 
desired product and N*acetylated product The mixture was treated with refluxing IN HCl 
fori hour. The mixture was cooled, adjusted to pH 11 and tiien extracted with 
dichloromethane. The organics were concentrated to dryness. The residue was purified by 
column chromatography to provide 2-methyl-l-[2-(3-pyridin-3-ylpropoxy)ethyl]-6,7,8,9- 

30 tetrahydn>-l/f*iniidazo[4,5-c]quinolin-4-amine as a pale gold solid (0.07 g, 2%). TLC 
(10%MeOH/CH2C12Itf=0.05). m.p, 140-141»C. 
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CYTOKINE INDUCTION IN HUMAN CELLS 
An in vitro human blood ceD system is used to assess cytokine induction. Activity 
is based on the measurement of interferon and tumor necrosis fector (a) (IFN and TNF, 
S respectively) secreted into culture media as described by Testerman et al. In ^'Cytoldne 
Induction by the bmnunomodulators Imiquimod and S-27609^, Journal of Leukocyte 
Biology, 58, 365-372 (Septxsnber, 1995). 
Blood Cell Preparation for Culture 

Whole blood ftom healthy human donors is collected by venipuncture into EDTA 
10 vacutainer tubes. Peripheral blood mononuclear cells (PBMCs) are separated from whole 
blood by density gradient centrifiigation using Histopaque®-1077. The PBMCs are 
washed twice with Hank's Balanced Salts Solution and then are suspended at 3-4 x 10* 
cells/mL in RPMI con^lctc. The PBMC suspension is added to 48 well flat bottom sterile 
tissue culture plates (Costar, Cambridge. MA or Becton Dickinson Labware, Lincoln Park, 
1 5 NJ) containing an equal volume of RPMI complete media containing test compound 
Compound Preparation 

The compounds are solubilized in dimethyl sulfoxide (DMSO). The DMSO 
concentration should not exceed a IBnal concentration of 1% for addition to the culture 
wells 
20 Incubation 

The solution of test compound is added at 60 jiM to the first well containing RPMI 
complete and serial 3 fold dilutions are made in the wells. The PBMC suspension is then 
added to the wells hi an equal volume, bringing the lest compound concentrations to die 
desired range (0.12 to 30 \iM). The final concentration of PBMC suspension is 1.5-2 X 
25 10^ cclls/mL. The plates arc covered with sterile plastic lids, mixed gentiy and then 
incubated for 1 8 to 24 houis at 3T*C in a 5% caibon dioxide atmosphere. 
Separation 

FoQowing incubation the plates are centrifuged for S-10 minutes at 1000 rpm 
('^'200 X g) at 4^, The cell*fi:te culture siqpematant is removed with a sterile 
30 polypropylene pipet and transfeired to sterile polypropylene tubes. Samples are 

mamtained at -30 to -70*C until analysis. The samples are analyzed for interferon (a) and 
for tumor necrosis fiu:tor (a) by ELISA. 
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InterfeiDn (a\ and Tumor Necrosis Factor (a\ Analysis bv ELISA 

Interferon (a) concentration is determined by ELISA using a Human Multi-Species 
kit &om PBL Biomedical Laboratories, New Bnmswick, NJ. Results are expressed in 
pg/mL. 

S Tumor necrosis factor (a) (TNF)concentration is determined using EUSA kits 

available from Genzyme, Cambridge, MA; R&D SystemSp Minneapolis, MN; or 
Pharmingen, San Diego, CA. Results are expressed in pg/xnL. 

The table below lists tiie lowest concentration found to induce interferon and the 
10 lowest concentration found to induce tumor necrosis &ctor for each compound. A 
indicates that no induction was seen at any of the tested concentrations; generaDytfae 
higihest tested concentration was 10 or 30 ^M. 



Cytokme Induction in Human GbUs 


Example 
Number 


Lowest Effective Concentration (pM) 


Interferon 


Tumor Necrosis Factor 


1 


0.12 


3J3 


2 


0.37 


10 


3 


0.04 


* 


4 


3.33 


* 


5 


0.04 


0.37 


6 


0.12 


1.11 


7 


0.37 


• 


8 


0.04 


0.12 


9 


0.12 


3.33 


10 


1. 11 


1.11 


11 


l.H 


0.04 


12 


1.11 




13 


0.37 


1.11 


14 


0.12 


0J7 


15 


1.11 


333 
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Cytokine Induct! n in Human Cells 


Example 
Number 


Lowest Effective Concentration (pM) 


Interferon 


Tumor Necrosis Factor 


16 




10 


17 


0J7 


0.37 


18 


0J7 


10 


19 


0.12 


3.33 


20 


0.12 


3.33 


21 


1.11 


10 


22 


l.ll 


10 


23 


1.11 


* 


24 


« 


* 


25 


10 


* 


26 


l.ll 


*• 


27 


1.11 




29 


1.11 




30 


0.37 


3.33 


31 


3J3 


3.33 


32 


0.01 


1.11 


33 


0.04 


0.12 


34 


0.01 


0.04 


35 


0.01 


0.12 
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WHAT IS CLAIMED IS: 



1 . A compound of the foxmula (I): 

5 




X-O-Ri 
(0 

10 

wherein: X is -CHR3-, -CHRa-aD^-, or-CHRa-alkenyl-; 
Ri is selected ficmn Ihip group ccnosis^ 
-heteioaiyl; 
-heteiocyclyl; 
15 -R4-hetBioaiyi;and 

-Rr-heterocyclyl; 
R2 is selected from the group consistmg of: 
-hydrogen; 
-alkyl; 

20 -alkeiQrl; 

-aiyU 

-heteroaiyl; 
-hetnocyclyl; 
-aDcyl-Y-alkyU 
25 -alkyl- Y-a]ken>1; 

-aDcyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
fiom&e group cousistiDg of. 
-OH; 

30 -halogen; 
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-CO.N(R3)2; 
-COCi-io alkyl; 
-CO-0-Ci.io alkyl; 
-N3; 
-aiyl; 

-heteioaxyl; 
-heterocyclyl; 
-CO-axyl; and 
<;0-heteroaxyU 

R4 is alkyl or alkenyl, which may be intexiupted by one or more -O- 
groups; 

each R3 is independently H or C MO alkyl; . 

15 each Vis independently -O- or -S(0)o.2-; 

n is 0 to 4; and 

each R present is independently selected firom die group consisting of C|.io 
alkyl, Ci.io alkoxy, hydroxy, halogen and trifluoromefhyl; 
or a phaimaceutically acceptable salt thereof. 

20 

2. A compound or salt of claim 1 wherein Ri is -(CHaVr-heteroaryi. 

3. A compound or salt of claim 2 wherein the heteroaryl is selected from the group 
consisting of 2-pyridyl. 3-pyridyl, 4-pyridyU 2-thiazolyl, 2-pyrimidinyl, 4-pyrimidinyl. 4- 

25 triazolyU 2-benzofuranyl, 2-indolyl, 3-carbazolyl, 2-furanyU 4-isoquinolinyl, 4-isoxazolyU 
and4^ycazolyl 

4. A compound or salt of claim 1 wherein X is -CH(alkylXaIkyl>- wherein the alkyl 
groups can be &e same or different 

30 

5. A compound or salt of claim 1 wherein X is -CHr-CH?- 
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6. A compound or salt of claim 1 whetein X is -CHCCiHsXCHi}-. 

7. A compound or salt of claim 1 wheieinRi is H. 

8. A compound or salt of claim 1 wherein R2 is alkyl. 

9. A compound 01 salt of claim 1 wherein Ri is -alkyl-O-alkyL 

10. A compound of the fonnuh (H) 




wherein: X is -<:HR3-, <:HR3-aD^K or -CHRj-alkenyl-; 

Rio is selected from fte group consisting of heteroaryl and heterocyclyl; 
R2 is selected from die group consisting of: 

-hydrogen; 

-alkyU 

-alkenyU 

-aiyl; 

-heteroaryl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkjrt-Y-alkenyl; 
-alkyl-Y-aiyl; and 

-aOcyl or alkenyl substituted by one or more substituents selected 
from ibc group consisting of: 
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-OH; 
-halogen; 
-N(R3)2; 
-CO-N(R3)2; 

5 -CO-Cmo aftyl; 

-CO-O-Cmo allQrl; 

-N3; 

-aiyl; 

-heteroaxyl; 

10 -heterocyclyl; 

-CO-aiyl; and 
-CO-hetBToaiyU 

n is 0 to 4; 

each Rj is independently H or Ci.io alkyl; 
15 cachYisindcpendendy-0-or-S(0)o.2Sand 

each R present is independently selected finom fte group consisting of Cmo 
alkyl, Cmo aIkoxy» hydroxy^ halogen and trifluoromcdiyl; 
or a phannaceutically acceptable salt thereof. 

20 11. A compound or salt of claim 10 wherein Rio is selected ftom tfie group consisting 
of heteioaryl and substituted heteroaxyl. 

12. A compound of claim 1 1 wherein the heteroaryl is selected from the group 
consistmg of 2-pyridyl, 3-pyridyl, 4-pyiidyl, 2-fluazolyl, 4-pytazolyl, 3-furanyl, 2-tiuenyl, 

25 and 2-pyrimidinyL 

13. A compound or salt of claim 10 wherein X is -CH(aIkyl)(alkyl)-, wherein the 
alkyl gn>iq>a can be flie same or dififerent 

30 14. A compound or salt of claim 10 wherein X is -CHz-CHr-* 

15. A compound or salt of claim 10 wherein X is -CHCCiHsXCHa)-. 
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16. A compound or salt of claim 10 wherein Ra is H, all^l, or alkyl-O-alkyl, 

17. A compound selected from the group consisting of: 

5 

l-(2-{[3-(isoquinolin-4-yl>2-ptopynyl]oxy}ethyl)-l/f-iDuda2»(4,5-c]qum^^ 
amine; 

K2-{[3-(l,3-1hiazol-2-)d>2-propynyl]oxy}e%l>lff-nnidazo[4.5-c^ 
amine; 

10 l-{2-[3-(ljy-4i)yia2olyl)propo3[y]^ 

l-[2-(3-pyiimidin-2-ylpiopoxy)ethyl]-ljKf-iniidazo[4,5H;]q[u^ 
l-[2<3-pyridin-4-ylpxopoxy)etfa^]-lH-imidazo[4,S<]quinolin^^ 
1 -[2<3-pyridm-2-ylpiopoxy)efliyl]-Lff-imidazo[4,5K:lquinoIin-^^ 
l-{2-[3-(l,3-thiazol-2-yl)piopoxy]ethyl}-l/f-imidazo[4,5-c]quinoIin-4^ 

15 l-[2-(3-pyridin-3-ylpn)poxy)ethyl]-l/^imidazo[4,5-c]quino^ 

l-[2-(3-pyrimidin-5-ylpropoxy)cthyl]-Lff-inudazo[4,5-c]quinolin-4-a 

l-{2-[(l-benzyl-liy-lA3-triazol-4-yl)methoxy]ethyl}4//-i^ 

c]quinoline-4-anune; 

l-{2-[(l-ben^l4if-lA3-tria2ol.5-yl)methoxy]ethyl}-lJ^imidazot4,5. 
20 c]quinoline-4-aniine; 

K2-({l-[(pbenylsul&nyl)mcthj4]-ljy.lA3-triazol-4-y^ 

inuda20[4,5-c]quinoline-4-amine; 

^[2-({l-[Q>l]enylsul£B2^1)me%l]-lf^ 

iniidazo[4,S-<]quinoline-4-amine; 
25 l-[2-(bcn2o[b]fuiaii-2-ylmedioxy)ethyl]-l^^imidazo[4^ 

l-[2-(pyridin-3-ylmc&oxy)ethyl]-l/f-imidazo[4,5-c]quinolin-4-aniin^ 

l-[2-<pyridin-2-ylmethoxy)etfiyl]-l/f-imida2o[4,5-c]quinolin-4-amine; 

I -[2-(pyridin-4-ylmethoxy)ethyl]-l/f-inndazo[4,5-^]quinolin-4-am^ 

l-{2^(3,5Hiimcthylisoxazol-4-yl)methoxy]ethyl}-li/-imidazo[4,5-c]quino 
30 amine; 

H2-{P-(pyrimidin-2-yl)-2-propynyl]oxy}ethyl)-lH-imi 

amine; 
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H2- {[3-(pyrid'4-yl)-2-propynyl]oxy}e%0-l^-™i<^ 
H2-{[3-(fur-3-yl>2-prDpynyl]oxy}e%^lJf-imida2o[4,5-clq 

4-{3-[2K4-animo-lH-iimdazo[4^-clquiaolin4r^^^ 
diiQphen-2-ylcaxboxaldetayde; 
5 H2-{[3-(pyrid-2-yl)-2-piopynyl]oxy}c%l)4H-imidaM 
l-{2-methyl4-[(pyrid-2-yloxy)mcthyl]propyl}-l/f-M 
amine; 

l.{l-[(pyrid-2-yloxy)me1hyl]propyl}4H-imidazo[4,5H:]qum^ 
l-[2<9HK:aibazoW-yloxy)propyll4/r-imidazo[4,5-c]quinolin-4-a^ 
10 1- (2-[(3-thien-2-ylprop-2-ynyl)oxy]ethyl}4H-imidazo[4,5^^ 

1 - {2-[(l -me%l-lH-mdol-2-yl)mcthoxy]e%l}-lir-m^ 
amine; 

1- [2-(3-tMen-2-ylpropoxy)ethyl]-l/f-imida2o[4,5-c]quinolin 

2- methyl-l-[2-(3-pyridin-3-ylpiopoxy)cthyi]-lff-imi 
15 2-butyl-i-[2-{3-pyridin-3-ylpropoxy)ethyl^l/r-imid^ 

l-[2-(tetrahydrofuianr2-ylmefco3cy)propyl]-lif-i^ 

1- {2-[(5-cMoio-l-bcn2ofluen-3-yl)me&03Qf]piopyl}-l/f-M 

amine; 

l.{2.[(3-mtiopyridin-2-yl)oxy]pn)pyl}-l/f-imidazoi^^ 
20 1 -<2-me%l-l-{[(3-nitiopyridin-2-yl)oxylmefliyl}pn>pyl>l/r-^ 

c]quinolin-4-amine; 

l^l-{[(5-cWoro-l-benzothien-3-yI)methoxyJmethyl}-2-methylpro^ 
imidazo[4,5-<:]qumolin-4-amine; 

2<2-methoxyethyl}-l-[2-(3-pyridin-3-yIpropoxy)€thyI]-l/f-m 

25 c]quinolin-4-ainine; and 

2- methyI-l-[2<3-pyridm-3-yIpiopoxy)ethyIK,7,8,9-tet^^ 
c]quino]m-4-anime; 



or a phaimaceutically acceptable salt diereof. 



30 
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1 8. A compound of Hie fonnula QE) 



X-O-R, 



wherein: Xis-<m3-,<;HR3-aIkyl-,or-CHR3-alkcityl-; 
Ri is selected fiom Ifae group consisting o£ 
-heteroaiyl; 
-hetcrocyclyl; 
10 ' ' -R4-heteroaryl; and 

-R4-heterocyclyl; 
R2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 

15 -alkenyl; 

-heteroaiyl; 
-heterocyclyl; 
-aHcyl-Y-alkyl; 
20 -alkyl-Y- alkenyl; 

-alkyl- Y-aiyl; and 

- alkyl or alkenyl substituted by one or more substxtuents selected 
from the group consisting of: 
-OH; 

25 -halogen; 

-CO-N(R3)2; 
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-COCi-io aDcyl; 
-CO-O-Ci.io alkyl; 
-N3; 
-aiyl; 

S -heteroaiyl; 

-heterocyclyl; 
-CO-aiyl; and 
-CO-heteioaiyl; 

R4 is aOcyl or alkenyl, which may be interrupted by one or moie-O- 
10 groups; 

each R3 is independently H or Ct.io alkyl; 
each Y is independently -O- or -S(0)o-2-; 
n is 0 to 4; and 

each R present is independently selected firom.the group consisting of C1.10 
15 allcyl, Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 

or a phazmaceuticalty acceptable salt thereof. 

19. A compound or salt of claim 18 wherein Ri is H or aOcyL 

20 20. AcompoundorsdtofclaimlSwheremRiis-alkyl-O-anqrl. 

21. A compound of the formula (IV): 

NH2 



25 




X-0— (C«Oi-i<r— CSCRio 
(TV) 



wherein: X is --CHRs-. -CHRj-alkyl-, or -CHRa-alkenyls 

Rio is selected &om die group consisting of heteroaiyl and heterocyclyl; 
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R2 is selected from the group consisting of. 
-hydrogen; 
-alkyl; 
-alkenyl; 

5 -aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-allcyl-Y-alkenyl; 
10 -alkyl-Y-aiyl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-halogen; 

15 ' -N(Ra)2; 

-CO-N(R3)2; 
-CO-Ci-10 aUqrl; 
-CO-O-Cmo alkyl; 
-N3; 

20 -axyU 

-heteroaryU 
-heterocyclyl; 
-CO-aiyl;and 
-CO-heteroaryl; 

25 each R3 is mdependently H or Cmo aUcyl; 

each Y is independently -O- or-S(0)o-2S 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Cmo 
aUcyU Ci-io alkoxy, hydroxy, halogen and trifluoromethyl; 
30 or a phaimaceutically acceptable salt tiiereo£ 
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22. A phannaceudcal composition comprisiiig a therapeutically effective amount of a 
compound or salt of chim 1 and a phannaceutically acceptable earner. 

23. A pharmaceutical composition comprising a therapeutically effective amount of a 
5 compound or salt of claim 10 and a phaxmaceutically acceptable carrier. 

24. A pharmaceutical conqposition comprising a therapeutically effective amount of a 
compound or salt of claim 17 and a phannaceutically acceptable carrier. 

10 25. A metiiod of inducing cytokine biosynthesis in an animal comprising admioistering 
a therapeutically effective amount of a compound or salt of claim 1 to the animal. . 

26. The method of claim 25 wherein the cytokine is IFN-o. 

15 27. " A method of inducing cytokine biosynthesis in an animal comprising administering 
a thetapeutically effective amount of a compound or salt of claim 10 to the animal. 

28. The mediod of claim 27 wherein the cytokine is IFN-o. 

20 29. A method oftreatixig a vind disease in an animal comprising administering a 
tfierapeutically effective amount of a conqpound or salt of claim 1 to the animal. 

30. A metiiod of treating a neoplastic disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 1 to die animal. 

25 

31. A method of treating a viral disease in an animal comprising administering a 
tfaerapeuticalfy effective amount ofa compound or salt of claim 10 to the animal. 

32. A method of treating a neoplastic disease in an animal comprising administering a 
30 dieiapeutically effective amount of a coaq>ound or salt of claim 10 to the animaL 
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33. Am thod of inducing cytokin biosynthesis m an animal comprising administering 
a theraputically effective amount of a compound or salt of claim 17 to tbe gnimay 

34. The method of claim 33 wherein the cytokine is IFN-o, 

5 

35. A method of treating a viral disease in an animal comprising administering a 
therapeutically effective amoimt of a compound or salt of claim 1 7 to the animal. 

36. A metiiod of treating a neoplastic disease in an animal comprising administering a 
10 therapeutically effective amount of a compound or salt of claim 17 to the animal. 

37. A compound of die formula (V): 




wherein: X is -CHR3-, -CHRa-alkyl-, or-CHRj-alkeiiyls 
Ri is selected from the group consisting of: 
-hetcroaryl; 
20 -hcterocyclyl; 

-Rr-heteroaiyl; 
-Rr-hcterocyclyl; and 

-(CH2)i.io-<:<:-Rio; 

R3 is selected from the group consisting of: 
25 -hydrogen; 

^1; 

-alkenyl; 

-aiyl; 
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-heteioaiyl; 
-heterocyclyl; 
^ncyl-Y-allQrl; 
-alkyl-Y-aJkcnyl; 
5 -aDqrl-Y-aiyl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from tbe group consisting o£ 

-OH; 

-halogen; 

10 -N(R3)2; 

-CO-N(R3)2; 
-CO-Ci-ioalkyl; 
-CO-O-Ci-io aUcyl; . 

15 -aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-COaryUand 
-CO-heteroaiyl; 

20 

Ri is alkyl or alkenyU which may be intenupted by one or more -O- 
groups; 

each Rj is independently H or Cmo alkyl; 
Rio is hetoioaiyl or heterocyclyl; 
25 each Y is independently -O- or -S(0)o-2S 

n is 0 to 4; and 

each R present is independently selected from the group consisting of Cmo 
aO^l, Cmo alkoxy, hydros^, halogen and trifluoromethyl; 
or a phaxmaceutically acceptable salt tiiereof. 

30 
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38. A compound of &e formula (VI): 




5 wherein: X is -CHRj-, -CHR3-aIkyK or -<;HR3-aIken>d-; 

R] is selected fiom tfae group consisting of: 

-beteroaxyl; 

-hetexocyclyl; 

-R^-heteioaiyl; 
10 -Rr-licterocyclyl; and 

-(CH2)i-t(rC^C-Rio; 
R2 is selected from tfae group consisting of: 

-hydrogen; 

-alkyl; 

15 -alkenyl; 

-aryl; 

-hetetoaiyl; 
-heterocyclyl; 
-alkyl-Y-al^ 
20 -aUcyl-Y- alkenyl; 

-alkyl-Y-azyl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 
OH; 

25 -halogen; 
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-CO-N(R3)2;. 
-CO-Ci-io alkyl; 
-CO-OCnoaDcyl; 
-N3; 

5 -aiyl; 

-heteioaryl; 
-hetciocyclyU 
-CO-aiyl; and 
-CO-heteroaryl; 

10 R4isalkyloralkenyl,whichiimybemterniptedbyoneormore-<)^ 
gro\q)8; 

each R3 is indq)endently H or Cmo alkyl; 
Rio is heteioaiyl or heterocyclyl; 
each Y is independently -<>- or -S(0)o-r; 
15 nis0tb4;aad 

each R present is independently selected fiom die group consisting of Cmo 
alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 
or a pharmaceutically acceptable salt tiiereofl 

20 39. A compound of die formula (Vm): 

N— (COOR7)2 




wherein: X is -Offia-, -CHRs-allg^l-. or -CHRs-alkenyl-; 
25 Ri is selected fiom the group consisting of: 

-heteroaryl; 
-heterocyclyl; 
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heteroaiyl; and 
-R4-heterocyclyl; 
R2 is selected fiom the group consisting of. 
-hydrogen; 
5 -alkyl; 

•aDcenyl; 
-aiyl; 

-heteroaiyl; 
-heterocyclyl; 

10 -aUcyl-Y-anqrl; 

-alkyl-Y-alkenyl; 
-aDcyl-Y-^l; and 

- alkyl or aOcenyl substituted by one or more substituents selected 
fifom the group consisting of: 
15 -OH; 

-halogen; 

-N(R3)2; 

-CO-N(R3)2; 

-CO-Ci.io alkyl; 
20 -CO-O-Ci-io alkyl; 

-N3; 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 

25 -CO-axyl;and 

-CO-heteroaryU 

R4 is alkyl or alkenyl, which may be intotrupted by one or more - 
groups; 

each R3 is independently H or Cmo alkyl; 

30 each Vis independently -O- or -S(0)(«-; 

n is 0 to 4; 
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each R present is independently selected from the group consisting of C|.]o 

alicyU Ci.io alkoxy, hydroxy, halogen and trifluoromethyl; and 

R7 is tot-butyl or benzyl; 

or a phaimaceutically acceptable salt thereof. 



40. A compound oflfaefoxmula (DO 




(K). 

10-- ' •■•.^^ 

wherein: X is -CHR3-, -CHRa-alkyl-, or -CHRj-alkenyl-; 
Ri is selected from the group consisting of: 
-heteroaxyl; 
-beterocyciyl; 
15 -R(-hBtBroaiyI;and 

•R4-hetBxocyclyl; 
R2 is selected from the group consisting of. 
-hydrogen; 
-alkyl; 

20 -alkenyl; 

-aryU 

-heteroaryl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
25 -alkyl-Y-alkcnyl; 

-alkyl-Y-aiyl; and 
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- alkyl or alkenyl substituted by one or more substituents selected 
fiom the group consisting of: 

-halogen; 

-N(R3)2; 

-CO-N(R3)2; 

-CO-Ci-io alkyl; 

-CO-O-Ci.ioaBcyl; 

-N3; 

-aryl; 

-heteroaiyl; 

-heterocyclyl; 

-CO-aiyl; and 

-CO-hetezoaiyl; . . 
R4 is alkyl or alkenyl, ^ch may be interrupted by one or more — O— 
groups; 

each is independent^ H or Cmo alkyl; 
each Y is independently -O- or -S(0)o4S 
n is 0 to 4; and 

each R present is independently selected horn die group consisting of Ci.io 
alkyl, Cuio alkoxy, hydroxy, halogen and trifluoromediyl; 
or a pharmaceutically acceptable salt fliereof. 

41. A pharmaceutical composition comprising a therapeutically effective amount of a 
compound or salt of claim 18 and a pharmaceutically acceptable carrier. 

42. A method of inducing cytokine biosynfliesis m an anunal compnsmff admuustermE 
a AerspeuticaUy efGsctive amount of a conq)ound or salt of claim 18 to the animal. 

43. The method of claim 42 wherein the cytokine is IFN-ol 
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44. A method of treating a viral disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 18 to the animaL 

45. A method of treating a neoplastic disease in an animal comprising administering a 
S fiierapeutically effective amount of a compomd or salt of claim 18 to the animaL 

46. A pharmaceutical composition comprising a therapeutically effective amount of a 
compound or salt of claim 21 and a pharmaceutically acceptable carrier. 

10 47. A method of inducing cytokine biosynthesis in an animal con^sing administering 
a tterapeutically effective amount of a compound or salt of claim 21 to the animal. 

48. The method ofclatm 47 wherein the cytokine is IFN-a. 



SO. A method of treating a neoplastic disease in an animal comprising administering a 



15 49. A method of treating a vkal disease in an animal comprising adniinisterii^ 
therapeutically effective amount of a compound or salt of claim 21 to the aninoaL 



therapeutically effective amount of a con^und or salt of claim 21 to the animaL 



20 



51. A compound of the fimnula (VII): 




(vn) 



25 



wherenL 



ZisNHaorNOi; 

X is -<3IR3-, -CHRa-alkyl-, or -CHRj-alkenyl-; 
Ri is selected from die group consisting o£ 



-heteroaryl; 



-heterocyclyl; 
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10 



-R4- heteioaryl; and 

-R4-^eterocyclyl; 
R4 is alkyl or aDcenyU which may be intenupted by one or more -O- 
gyoups; 

each R3 is independently H or Cuo alkyl; 
n is 0 to 4; and 

each R present is iodependently selected fiom the group consisting of Cmo 
alkyl» Cmo alkoxy, hydroxy, halogen and trifluorainelliyl; 
or a pharmaceutically acceptable salt ftereof . 

52. A compound of the formula (XLIV): 




(XLIV) 

15 wherein: Xis-CHRs-.-CHRs-alkyKor-Cma-alkeiqrl-; 

Ri is selected from tbe group consisting of. 

-heteroaryl; 

-heterocyclyl; 

-Rr- heteroaxyl; and 
20 \ -Rr-heterocyclyl; 

R} is selM;ted from the group consisting of. 

-hydiogeiu 

-alkyl; 

-alkenyl; 

25 -aiyi; 

-heteroaxyl; 

-heterocyclyi; 

-alkyl-Y-alkyl; 



117 



wo 02/46193 



PCT/USOl/46704 



-alkyl-Y-alkenyl; 
-alkyl-Y-aiyl; and 

- alkyl or alkenyl substituted by one or moze substituents selected 
from the group consisting of: 
5 -OH; 

-halogen; 

-N(Ra)2; 

-CO-Ci.to alkyl; 
10 -COO-CMoallqd; 

-N3; 
-aryl; 

-heteroaxyl; 
-hcterocyclyl; 

15 -CO-aiyl;aad 

-CO-heteroaiyl; 

R4 is aDcyl or aDoenyl, which may be intezmpted by one or more -O- 
groups; 

each R3 is independenfly H or Ct.io alkyl; 
20 each Y is independently -O- or -S(0)<w-; 

ni80to4;and 

each R present is independently selected from the group consisting of C1.10 
alkyU Ci.io alkoxy, hydroxy, halogen and triiluoxometfayl; 
or a phaimaceutically acceptable salt &ereo£ 

25 
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